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PEEFACE. 



The present work has been prepared to supply the WMit 
—frequently felt by many Teachers and Students of 
Chemistry, preparing for the examinatiotts of the Science 
and Art department— of a method, by -which the subject 
eoiald be studied, so as to get a sound knowledge of the 
elementary facts of the science. 

The reports of the eminent men who act as examinei-a 
for the Scieace and Art department have shown, that 
many students who come up for eaamination are mere 
readers, and they rightly decry such a s;^tem of cram, 
which can only produce nausea instead of that deep in- 
terest in the phenomena surrounding us, 'which would be 
produced if science were really studied practically. These 
views the author fully appreciates. He has for some 
years taught large classes of yoimg men and boys who 
have been snc«5sful at these examinations, and feels 
assured that Chemistry cannot be understood unless 
Experiment go hand-in-hand with Theory — in fact, that 
Theory should be built up by the aid of inferences drawn 
from the experiments themselves. 

In addition to this, the Department have offered to 
assist the individual study of Chemistry by Grants to 
the Committees towards the expenses of students in a 
laboratory, and also in extra payments to the teacher. 
These grants, however, can only be obtained by the 
student showing at the examinations a. good knowledge 
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of Practical Chemistry, and it is believed there ia very 
little chance of getting a. first class without it. 

The teacher, and, if possible, every student, should 
perform all the experimenta described in the book. It 
'will be fouixd to contain all that are suggested in the 
revised ayllabiis of the subject for the Fuit or Elemen- 
tary stage, and many others besides. 

The author is indebted to the series of Lectures de- 
livered from time to time by Dr Frankland, and also to 
his " Lecture Notes on Inorganic Chemistry," for the 
method of treating the subject, and for many of the 
explanations of Ciiemioal phenomena given throughout 
the ■work. To this work, and to the work on Inorganic 
Chemistiy in the present series, the author would refer 
the reader for further information on the theoretical part 
of the subject 

The illusfcrationa in the book are principally from 
photographs of the actual apparatus used, kindly taken 
by an old pupiL A few &om drawings by another Mend. 

J. HOWARD. 
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HINTS TO STUDENTS. 



Cleanliness is of the utmost importance. Never put 
away anything dirty. It takos twice t!ie time to cleanse 
glass Tesse]s when chemicals have dried on, that it does 
if washed directly they are done with. Many a young 
student has thrown away bits of dirty apparatus, which 
he would have looked upon with pride, had he polished 
them before puttir^ them away. 

Do everything and arrange everything in order, ffever 
be in a hurry or flurry. Serious accidents may occur at 
times through not keeping cool. Have a place for every- 
thing, and put everything in its place. Put all materials 
and apparatus to be used on your left iajid before com- 
mencing, and move them to your right when you have 
dene with them, keeping the middle of your table or 
bench clear for operating or fitting up. Some arrange- 
ment of this kind is absolutely necessary. 

Do not he wasteful of your materials, although some 
of them may he cheap. Pure, and therefore expensive, 
mkterials will have to be used in the Advanced Coubsb, 
and occasionally in the present, and the habit of careful- 
ness in all things cannot be too soon acquired. Bad 
habits, too, are easUy contracted, and are difficult to get 
rid of, hence as few as possible should be acquired. 

Look over all preparations required for an experiment 
before you begin to operate, otherwise you may find the 
want of something when it is impossible to get it; or 
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10 HINTS TO STDDENT8. 

you may suddenly doBOOver that you want Miotker hand. 
It is a good plan, especially for a teacher, to make a list 
of all apparatus and materials required for the series of 
experiments which are to engage the attention. Satisfy 
yourself beforehand why you do eyerything, and never 
be content with making a thing merely do, if it is not 
done properly. Badly fitted corks, requiring lutes or 
sealing-wax to stop the leaks must not be suffered at any 
time — another should be fitted. M^iy a serious ex- 
plosion has occurred for want of these precautions. 

In all cases, use the simplest form of apparatus for an 
experiment Unnecessary complications are confusing 
both to teacher and student. 

Take careful notes of all experiments as they proceed, 
oa paper, or in a rough note-book. Dr Hoinuuin used 
to say, " The scrap of paper well stained with acid is of 
much greater value than the balf-worked-out, though 
clean notes, written down after the experiment has 
passed away." The rough notes should be reproduced 
in a more finished form in a book kept solely for that 
purpose. The mere copying of scientifio hoia and 
fonnulse, previously learned in a practical way, is a great 
help towards remembering them. 

Chemical operations should be carried on, if possible, 
in a room set apart for the purpose. It is better to have 
it on the ground floor, if possible, as water is more easily 
laid on, and waste carried off by drains. It must be 
well ventilated, with a flue in which there is a fire burn- 
ing, or furnished with a ring of gas-jets, to produce an 
ascending current. The flue may be furnished with a 
hood, under which experiments may be performed where 
noxious vapours arise. A aeries of zinc tubes, about 2^ 
inches diam.eter, arranged over the benches, about a foot 
from the ceiling, with inverted funnel tubes over the gas 
lights leading into them, can be arranged to produce an 
upward current, and will keep the room clear. These 
may be cai-ried into the flue or out-of-doors. 

A chamber about 3 feet by IJ feet, with glass doors, 
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HINTS TO STUDENTS. 1 1 

shotild be fitted up in every laboi'atory, however humijle, 
in. connection with the flue, in ■which experiments with 
chlorine and sulphuretted hydrogen can be carried on. 
This, ho-wever, can be made to lead out of doors also, by 
having a Bunsen consfemtly burning — the waste heat 
being used for a sand-bath ia which evaporations may 
be carried on, if the chamber be divided by a partition. 

The principal sink may be either in the laboratory, or 
just outeide, and should be of glazed stonewm* to resist 
acids. They coat about aeven-and-sixpence, and may be 
had of Doulton, Iiambeth. Smaller leaden or japanned 
iron basins may be let into the benches to carry off 
■waste. 

The room must be furnished with working-benches, 
2 feet 6 inches broad, round the walls, and, if necessaiy, 
down the centre. Each, student should be allowed 3 feet 
6 inches working space, and a nozzle with a stop-cock 
should be connected with the gas pipe, for attaching the 
flexible tube, Narrow shelves should be fixed along the 
walls, over the benches, to hold the bottlea contain- 
ing maferiala and reagents. Cupboards or shelves may 
he put under the benches, and drawers fitted, to hold 
the various kinds of apparatus for general use. Each 
student shotdd keep his own apparatus in a box, which 
should therefore- be large enough to hold all, except such 
articles that are not liable to be broken if left out. The 
box may be kept under the bench. 

Where a room cannot be set apart for the purpose, flat 
tables may be laid across the desks in a schoolroom, and 
bottles, etc. , kept in a cabinet or cupboard. A fire should, 
however, be always burning, so that any unpleasant 
fiimes can be taken to the &ne. Water must be at hand 
in a trough that can be emptied, or io pails. 

Of course, where a regular laboratory can be fitted up, 
further and better means can be adopted than are here 
snggested ; but such arrangements as these will enable 
a large amount of work to be done with not over-fas- 
tidious students. The coat of such an arrangement- for 
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12 HINTS TO STDDESTS. 

fittdngs, incLuding gas and drainage, would be about ^£1 
per' student. The apparatus for general use, sudi as 
pneumatic troughs, dessicating bottles, supports, Here- 
path's blo-w-pipes, etc., with the bottles for materials, 
would coat from 5a to 10s. per student extra — each 
student being also furnished with such apparatus as re- 
commended in " the Departaneut list." 
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PEACTICAL OHEMISTET. 



Mattbk abd Force— Siuplb and CoMrouND Matter— Nature 
or Forces — Chemical Foece or Affinity — Cheuical 
Action — Chemical CombinationandMeciiakicalM ixtuhe, 

1, The Earth, with the animals and plants upon it, con- 
siaffl of a variety of aubstancea to which the term Matter 
has been applied. Matter is that which Iiaa weight. 
Thus it may be proved by a, simple experiment with the 
air-pump, Uiat air and o^er gases have weight, and are 
therefore matter, although invisible. Matter consiBts of 
minute particlos, or Tnohcvles (little masses, from dim. of 
L moles, a mass), a term used now to express the smal- 
lest portion of a substance that can exist in a separate 
state. These mohadea are further supposed by the 
Chemist to consist of groups of atoms (from Gr. atomos — - 
a, not, and tmnno, to cut), which are indivisible, and 
which cannot exist in a separate state. 

2. Matter is either Simple or Compound. Substances 
that cannot be separated by any known means into two 
or more simpler forms of matter, are called Elements or 
mnph substances. These elements combine together in 
certain definite proportions, by weight and volume, to 
form Componnds. There are about 62 known elements, 
of which about 40 are well known, the rest being chemi- 
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14 PRACTICAL CHEMISTBY. 

cal rarities; but there are an infinite number of com- 
pounds. 

This Mfttter, whether organia or inorganic, is con- 
stantly in motion, either aa a whole, or within itself 
among its moleeules ; being subject to certain Forces or 
physical agents. Some of these forces ai-e constantly 
Ewting ; others are only brought into play under certain 
conditions; and, lastly, one form of force is frequently 
Gonvertihle into another— as, mechanical force into heat ; 
heat, if sufficiently intense, into light ; mechanical force 
and beat into Electricity; Electricity into Magnetism, 
and so on. 

Each force has its own special characteristics ; but it 
will only be necessary to mention here those which bear 
upon the subject of the present treatise. Thus, if a 
stone be let fall, it comes to the earth, Mid if not resisted, 
would reach its centre. The farce which thus pulls it 
towards the centre of the earth is an attractive force, 
called Qravitation. It is the attraction of mass for mass, 
and acts at immense distances, keeping the earth and 
other planets in their orbits round the Sun, as well m 
causing water to rush over a precipitous rock and form a 
roaring cataract, and enabling us to stand firmly upon 
theg 



Experiment 1. Take a piece of ice, its mass is affected by gravity; 
its particles are held together by an attraetiye force c^ed Oo- 
beBlon. Pound soma of it in a mortar, the cohesive force is 
loosened by the mechanital force exerted. Put some into a dean 
Florence flaak, supported on a ring-sta/nd or tripod, and apply 
heat by means of a spirit-lamp or Bunsen's bnmer. The solid lee 
melfs. The cohesive force being ftirther overcome hy the repal- 
aive force of Heat — the molecules heing driven &rther asunder, 
and ligvid water being the result. In a short time the water 
is converted into steam, which is invisible iti the flask, but on 
passing out juto the colder air, is converted again into watery 
vapour — or condenses — as we often see just above the chimney of 
n locomotive, or a little way from the spout of » tea-kettle. 

3. Cohe^OS binds the particles of bodies together, Heat 
drives them asimder. When the cohesive force pi-edo- 
ininates, we have a solid ; when the forces are eqiial, we 
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have a liquid ; and when heat predominates, -vre have a 
vapoiir, or gas. 

The propertiea of" the ice ia the above experiment, 
however, remain unaltered ; it may be made to assnme 
these three states over and over again. 

Mxp. 2. Take a bit of platinum wire about 6 inches long, heat 
it in the Bnnsen's flame, it becomea reiL-hot; hut on cooung, it 
ia foimd to he unahanged, 

Mtj>, 3. Put the wire, or a smiill fi'agmeut, into a test-tube, and 
pour upon it some nitro-hjdrochlorie acid {a^ua regia), made by 
miring hydrochloric acid with a few dropa of nitric acid, the 

Eltttinum dissolTea, and a pungent smelling gas is eTolved. New 
odies with totally different properties being produced. 
The solntion, consisting of platanic chlorida, may be put into a 
small stoppered bottle for fntiire use. 

Exp. i. Heat a piece of magneaium wire or ribbon in the same 
manner as the platinum, it .bums with a dazzling white light, 
and continues to do so when once ignited, giving off a curling 
wreath of white smoke, and leaving behind a, crumbling white 
substance, caJled (Onde of magneaimn, (the calcined magnesia of 
the druggist), totally different in its appearance from the metal. 
If the wire be heated in a porcelain crucible, and care be taken 
to avoid loss, the resulting compound will he found to weigh 
more than the metal. The increase in weight being due to uie 

It of the air with which it has combined. 

> used in pyrotechnic dis] 
:o hum it for phol«graphi( 

4. The ChemicEll force, or affinity, as it is sometimea 
called, has certain special characters of its own, which dis- 
tinguish its mode of action from that of other forces. Thus : 

a. It only acta at inappreciable distances, reqoiriug 
bodies to be in actnal contact. 

E)^. 5. Bab a glass rod with a piece of silk, or a stick of seal- 
ing-wax on the coat-sleeTe. Bring it within a few inches of a 
suspended lath or a few scraps of blotting paper — attraction takes 
place. The electric force thus prodttced is capable of acting at 
distances that can be measured. Hot so chemical force. 

Exp. 6. Pound some loaf-sugar, and also soma potassic chlorate 
(Chlorate of Potash); mix them together on a plat*, and bring a 
glass rod, moistened with strong sulphnrio acid, near the misture 
—no effect is produced ; but the mixture inilames directly Uie tod 
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16 PBACTICAL CHEUISTRY. 

To bring bodies into tictual contact, it ia often neces- 
sary to resort to solution, Judon, or conversion into the 
state of vapour or gas, so, that a certain amount of mobi- 
lity may be produced among the molecules. Thus we 
hare two principal metboda, tbe wet and the dry way. 
It is not necessary, however, that both substances shoiild 
be dissolved or fused— one of them being so ia often suffi- 
cient. A solid shoiild be used in email pieces, or in the 
state of powder. 

Exp. 7. Ponr vinegar npon some pieces of chalk in a beater or 
test-tube, a, violent effervescence takes place, and a gas is given off 
wMcli eztingnishes a flaming matcli. 

Qii^er-beer and Seidlitz powders. Sherbet, etc., efier- 
vescing when water is poured upon them, are instances 
of mixtures of two different substances, wbich do not act 
upon one another until solution is effected. 

iicp. 8.* Pat a few small chips of PhOBphomB on a plate and 
cover them with Iodine, heat is evolved, and the two anbBtances 
give off vapours which enter into combination and inflame, violet 
-i-apours of ter-iodide of phosphorus being produced. 

b. The Chemical force always prodnces a change of 

properties; it ia a transforming force, and takes place 
most energetically between bodies having opposite pro- 
perties. Numerous instances have already been given, 
and the student will constantly observe the phenomena, 

c. The Chemical force always acts on deflnite quanti- 
ties of different kinds of matter. Thus, when oxygen 
combines with hydrogen to form water, 16 grammes, 
ounces, or pounds of the former always combine with 2 
grammes, ounces, or pounds of the latter to form 18 
grammes, ounces, or pounds. The absolute weight of 
a body never being altered by this or any other ^orce. 

Now, it is the province of Chemistry to investigate the 
properties of bodies and the changes they undergo when 
brought in contact with one another. This involves 

* Phosphor 
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MATTER AND FOECB. 17 

Experiment, Observation, Inference ; and hence the tei-ia 
Practical or Experimented Chemistry. 

S. Chemical action. The instances already given of the 
action of the chemical force, or affinity, show that it 
exerts itself in varions ways ; but the modes of action 
will he better understood at a later period. 

Some of the differences between mere mechanical mix- 
ture and chemical comhination will be now alluded to. 

Iron, when, left exposed to moist air, rusts, a reddish- 
brown powder being the result, which contains both iron 
and oxygen, the latter heing ohtained from the air. 
Zinc, copper, lead, and magnesium also become tarnished ; 
and the metals potassium and sodium become covered 
inuuediately with, a white crust — in all cases definite 
compounds being formed, containing a certain weight of 
metel in combination with a definite weight of the oxj'- 
gen of the air. 

Heat generally:, assists chemical combination. Thus, 
if mercury he kept for several hours near its boiling 
point (36(J''C), in contact with aii", it becomes covered with 
an orange-colonred film of mercuric oxide, the oxygen of 
the air combining with the metal under these circumatan- 
cea, in the proportion of 16 to200hy weight, the product 
being the sum of the two, as in all other cases. With- 
out heat, the metal woiild have been unaffected, whilst 
the metals platiaum and gold, heing unaltered by heat, 
are qjilled noble metals. 

Eqi. 9. Bring a red-hot poker, or iron wire, witliin a few inohea 
ot a small piece of phospiionui, put on a plate, the phosphorus 
mflames, and white fumes are given oif. 

Ecp. 10. Mix together some iron filings and powdered sulphur, 
this may be done in any proportions — but ia only a mlrtnre, 
not a ohemlca] comptniml. 

Draw a magnet through the mixture, or sliake some of it over 
one — the iron filings separate, and the sulphur is left. 

Pat some of th.e mixture into a small Cornish crucible, nnd put 
it in the fire, the sulphur melts and the iron combines with it in 
certain proportions. Thus, 66 grammes or grains of iron in thia 
way d-waya combine with S2 grammes or grains of sulphur to form 
fitrtma sulphide (sulphide of iron). This sulphide of iron is not 
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18 PRACTICAL CHEMISTRY. 

attracted by the magcet, and differs in appearance and properties 
irom toth the iron and the sulphur. 

Gunpowder is a good inatance of a mecfiarmal mieiwe 
— eonsatijig of charcoal, sulphur, and nitre (potasaic 
nitrate). The nitre may be dissolved out by water, and 
the sulphur afterwards by carbonic disulphide (bisulphide 
of carbon), the ciubon being insoluble. When tie powder 
is fired, an immenae volume of white smote is produced, 
a variety of new compoiuids being formed — some solid, 
others gaseous, and all totally diiFering in appearance 
irom the gunpowder itself 

Mixtures may be made in any proportions, but " a, 
chemical compound always contains the same elementa 
in the same proportions, however or wherever obtained." 

6. Chenuoal action generally prodacea a change of tem- 
perature. 

£151. 11. Pour some strong nitric acid on zinc in a test-tube, 
violent chemical action takes place, the acid is decomposed, giving 
off ruddy fumes, and the test'tubo beconies too hot for the hand to 

Exp. 12. Put some crystals of sodio sulphate (Gkuber's salts) 
into a beaker, and add some common hydroohlone acid to them. 
If the bnlb of a thermometer be plunged intfl the mixture, tlie 
temperature wiU be found to suddenly fall. The water locked 
up in the crystals like ice being converted into a Uquid, ahstracts 
heat fl'om eTeiything around it. 

7. Chemical action generally produces a change of state. 
Liquids and gases being converted into solids, or vice 
versd. 

Exp. 13. Dissolve some baric chloride in a test-tube, and some 
aulphnrio acid, a white solid separates, or is precipitated. 

£J>^. 11. Dip a glass rod into hydrochloric acid, and hold it 
over an open bottle containing a solution of ammonia, uhHe fames 
are produced, whieli if in sufficient quantity would produce the 
solid amTaoni^ chloride (sal ammoniac). 

6. Chemical action often produces a change in colour, 

Jfejj. 15., Adda solution of potasaic iodide to a solution of mer- 
curic chloride (corrosive subOmate), both colourless liquids, a 
splendid scarlet preo;pitate of mereuTie iodide will separate. 

If potasjsie iodide be added ill excess the precipitate dissolves. 
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Weigrts ahd Mbasuees. 

fl. Mention Las been made several times in the previous 
chapter of weight and volume. It will be -well Uierefore 
liefore entering on the systematic study of our subject, 
that ihe studeut should know something about the 
weights aiad measures used in chemical investigations and 
calculations. 

In England, up to the present time, it has been usual 
to speak of pounds, ounces, and grains in weight ; of 
yards, feet, and inches in length ; of square yards, feet, 
and inches obtained by squaring the dimensions in linear 
measure ; and of cubic yards, feet, and inches with the 
gallon, quart, and pint, as measures of capacity. 

Thus our EngUgk standard measure of Jmgth is the 
yard, obtained by taking ^ of the length of the pen- 
dulum, which b^its seconds in the latitude of London 
( = 39-13983). Our standard of capacity is the gallon, 
which conttdns 277,274 cubic inches, being thus related 
to the cubic foot or yard which contain respectively 1728 
and 46,656 cubic inches. The weight of a gallon of 
diatalled water at 62° Fahr. (IfiCC) and 30 inches baM- 
metrical pressure divided by 10, gives ua the poimd 
avoirdupois, which is our standard of weight. That is, 
a gallon of water weighs 10 lbs., or 70,000 grains. Now, 
all this is siiaple enough, but when we come to the 
multiples sad fractional parts of the standards, we have 
tm infinite variety, and the getting up the tables of 
weights and measures is a most laborious work to the 
yoimg. Add to this the fact of there being two recog- 
nised pounds. The avoirdupois, divided into 16 ounces, 
and 7000 grains; and the Troy pound, divided into 12 
ounces, and 5760 grains, by which, we see the lb. av. is 
heavier than the lb. Troy, whilst the Troy ounce is 
heavier than the ounce avoirdupois ; an ounce of tin 
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being in fact lighter than an ounce of gold, although a 
pound of the former metal is considerably heavier than a 
]x>und of the latter. 

In addition to this, the gallon and several otter 
measiu-es ajid weights differ considerably in different 
parts of the country. To obtain something like uni- 
formity would hence be a great gain, and if this 
could be done, much might be said against any radical 
change. 

But the man, who would undei'stand the truths of 
science at the present day must go beyond this. A 
foreigner makes some important scientific discovery, or 
clears up some obscure point for the student and teacher 
who is ever leandng. He gives ia the course of his 
statemente weigJils and vieasures that it is impossible to 
translate into their English equivalents without much 
labour, or recourse to tables which may not be at hand. 
Hence half the value of the facta is lost for want, of an 
easily convertible system. 

For the diffusion of scientific knowledge, then, a uni- 
versal system of weights and measures would be desir- 
able. It has been proposed to adopt the metric system 
used by France and many other European nations ; and 
legislation has gone so far already in this country, as to 
allow of its use side by side wi^ the old system. It 
is to be teught also in all schools henceforth receiving 
Government aid, and is now being taught far and wide. 
Being moreover a decimal system, it is easUy learnt. 

The foundation of this system is the Metre, first 
obtained by measuring an arc of the meridian — or, taking 
Ts.inhf.Tnra "^^ *^^ earth's circumference aa the unit of 
length. On subjecting this arc to further measurement, 
the result was found, however, not to be quite the same as 
that first obtained, but iihis does not matter, aa the Stan- 
dard Metre ia now defined to be "the length of a bar of 
platinum deposited in the archives of Paris," copies of the 
same being deposited with the warden of the standards 
in this country. 
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It stands in relation to our 
follows L — 

1 metre — 39-37079 inches, 
or nearly 1 yard 3 inches and 3-elglitlis. 

Taking the metre as the standard of length, the French 
nse tho Greek prefixes deka, kecto^ kilo, and layria re- 
spectively for the multiples 10, 100, 1000, and 10,000. 
To mark the fractional parts -^, ^jg-, xg^Tj, the Latin 
prefixes deei, ceiUi, and milli It is therefore a decimal 
system, and multiplications and divisions are hence per- 
formed by " moving the point to the right or left." See 
examples, page 23, first series. 

Passing by Square measure as of little interest to the 
student of chemistry, wo come to Cubic measure, or 
measure of capacity or volume. 

Taking a cube with a metre for its side, and taking 
PfiVfT °^ s^ch a cube ; or, whit is the same thing taking 
a cube with a decimetre foi iti side, we have the cubic 
decimetre, to ■which the teim Litre lwf> been applied and 
this is the standard measure oj lolum a capacity 

In relation to our English measure, the 

Cubic inchfa. P nls 

litre = 61-027061 = 1 76 or alout 1% pn ts 
The liti'e wine bottle is now quite common in London 
The same prefixes are used foi multiples and fractional 
parts, as in the meas\a-e of length thus sunplifvmg the 
calculations of the system. 

Again, taking a. cube with y^ of a metre or a centi 
metre for its side, we hi^e the cubic centimetre oi 
millionth part of a cubic metie The ■weight of this 
quantity of distilled water it its greatest density 
{4" ceutigi-ade) ia taken as the standard measuie ct 
■weight, and ia called the gramme (Anglicised, (/mm) 

In relation to our English weights, the 

Graini. AToir oz Tk.)-"^ 
Gramme = 15-43 -035 032 or neitly 154 gn 
As in the previous cases, we hi\e decagiama, hecto 
grams, kilograms, and mynagrams , decigiams, centi 
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grfuns, and milligrams. The gi-am is about T.Tnrr.Tnm 
of an English, ton, the Mlogram ahout 21 lbs. The 
French use the prefix demi, half, in many cases, aa demi- 
kHogmmme, half a kilogram, a little more than an 
English pound. 

TABLE OF THE METEIC SYSTEM. 
Standard : T/ie Metre = 1 "0936 yards 

LINEAR MEASITRE. 
Deoimette, dm. -At or ■! of ai . Decamefi'e, dkm. 

a.ttn.1..,,^. * „-o. „ p£sf S; ,,;;; 

imiimetre-, mm. -nAm .. '001 „ J ^ Mytiamctie, mrm. 10,000 
Squnre measuie or area is omitted ii3 uniropoitant to the 
chemical student. 
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CUBIC MEASURE, MEASURE OF CAPACITY OE VOLUME. 

Standard : the Litre or cuhio decimetre - 1-76 pints. 
Decilitre, dl. ^^ or "1 of a "i j Decalitre, dkl. 10 litres 
Centilitre, cl. -^5- „ -01 ,, ^ J; Hectolitre, hi. 100 ,, 
MilliUtre, ml, -^^ „ -001 „ J 3 KiloUtre, kl. 1,000 ,, 

Jfois.— 1 Mlra of water = 1 kilogram (2-205 Iba.) Act ormlimitro cl witGi 



the Gra/mme ~ 16'43 giaina. 
Deoi^am, d^r. -^ or -1 ofa"] A Decagram, dkgr. lOgrjiua 
Centigram, cgr. -^ ,, '01 „ [■ g Hectogram, hgr. 100 ,, 
Milligram, ragr. ,ife; „ -001 ,, J O Kilogram, tgr. 1,000 „ 

TAe gutniffii la 100,000 grammes, and the French fore a million 
grammes. 

Note.~A grain (jjjig of a lb.- «v. or jjgj lb. 1107)= DMS o( a erim. 
1 Ih. avnlnlupol! = '4638 of uMlogram (about-^iba.), 

Exampka of Cabulations. N.B, — To multiply by 10, 
100, 1000, etc., move the decimal point one, two, oi' 
three places to the right, adding ciphers if necessary 
Thus 6'75— 67-6, 675, 6750. 

To divide by 10, 100, 1000, move the decimal point 
one, two, or three places to the left^ ptefixiag ciphers if 
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necessary. Thus 759-6876 — 75'96876, 7-596876, 
■0759687, etc 



1, How many metres in 50 kilometi'es ? 

Hete 50 x 1000 = 50,000 or 50", move point 3 places to 
the right, and add three cipJiera = 50000' kilom. 
a. How many litres in 62-5i kilolitcea ! 

Here 62-51 X 1000 = 62540- litres. Ono cipher being 
reT^nitcd. 

3. Hownmnj' miHigrama in 6?6'596 decagrams ! 

Here 676'5B6 x 10,000, or more point i places to rigtt, 
requiring one ciplier to be added = 57659S0- dekagrams. 

4. How many kilolitres in 5765960 litres f 

Here, fewer being required, 5765960 -:- 1000, or move the 
point which falls on the right of the unit 3 places to 
the left. Ans. 5765'BS kilolitres. 

5. How many decagrama in 7-6467 centigrams! 

Here 7-6467-7-1000, or more the point 3 places to tha 
left, and as only I figure now standa to the left, add 2 
ciphers = -0076467 centigi-ams. 
0, How many cubic decimetres in 64786 decilitres ? 

Hero mark the relation of length cubed to capacity. The 
cubic decimetre or decimetre cubed, ia called a litre. 
Hence 64786 -MO ^ 5478-6 cubic decimetre or litres. 
7. Add together 657-6°"", 760™, 5-8«, 760™, SB-"™, 

39*™, and subtract from the reauit, 64-5 metrea. -6576 
Here, put down all in terma of a metre, thus :— -7600 



3-9000 

698 ■7170 
M'5000 

534;21 76 

Ar it will be necessai-y for" tte atnclent to know how 
to compare the weights of a given Tolnme of different 
gaaes, the plan of Dr Hofinann, adopted by Dr Frank- 
laad, will be given here, with some calculations to illus- 
trate it. 

The weight of a litre of hydrogen gas at the standard 
temperature and pressure, i.e., 0°c and 760""" Bar., is 
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■0896 of a gi-am. This Dr Hofinann called the crith, 
and the weight of an equal Tolume of Miy other gas at 
the Bame temperature and pressure is found by multiply- 
ing this by the specific gravity of the gas compared -with 
hydrogen as unity, the answer being given in oriths, or 
absolutely by taking so many times -0896 gr. 

Thus, oxygen, being 16, nitrogen. 14, chlorine 35'5 (35J}, 
Mid air, 14'47 {H^ nearly), times the weight of hydro- 
gen ; the weight of a litre of any of these gases would he 
BO many criths, or ■0896 -a 16, 14, 35-5, and 14-47; or, 
1-4336, 1-2544, 3-1808, and 1-296512 grams respectively. 



Questiml. A litre of air weighs (at 0°c and 760""" Bar.) 1'29S5 
grammes. Wliit is the volume oooupied by 1 kilogram ? 

i. e, , Dividing tha wetghi hy the weight of a haoiim volwne 
givM the volume. 

2. Water is 773 times the weight of air. A litre or cubic deci- 

metre of water weighs 1000 grams. Find, from these ^ta, 
the weight of a litre of air- 
Here .~^l ■2836 grams. 

3. The merewTy in. a barometer tube is 780™"' high (30 inches 

nearly); tho area of the tube is 3 sq. e.m. ; and the cistern 
contains 60 cubio centimetres. What is the cubic contents 
of the tube and cistern together ? Secondly, What weight 
of mercury would be required (sp. gr. of mercnrj— 13-6)? 
Answer. 288 c. o. Weight, 3883 gtarLis=8-6091ba. ch. 

4. A cylinilrical gas-holder is -45™ high and 7-0686 si-ii"- area. 

Howmanylitiesotgaswillitholdf And how miloh would the 
quantity of hydrogen and oxygen gases weigh respectively ! 

Am. 31'8087 litres; 2-85 and 46-6 grams. 
E. A eaa jar ia 400"™ high and 50""' broad. Eeqaired, the 
cubic contents. (For areaxsq. diam. by ■7861.) 

Ana. -785* of a litre. 

6. Another jar is 25'="' high and 5™ broad, Enquired, its capa- 

city in parts of a litre. 
Ans. -490875 litres. 

7. Two cylindrical gas jars, each 150""" high and 40™™ broad. 

What volume of gas will the two hold! 
Aia. -376892 of a litre. 
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8. HoiT many eriths in 60 litres of hydrogeo, oxygon, nitrogen, 
air, and chlorine respcetively ? (See above data. ) 
Ans. 50, 800, 750, 725, 1775. 

It may be useful to add a few facte by way of compar- 
ing our present system of weights and meaatires with the 
metric S)/stem, with, some examples showing the method 



The cheap boxes of weights usually sold by instrumont- 
makera usually contain ffrains, scruples, and drachms, 
apothecaries' weight, which is equivalent to the Troy- 
weight. Cheap boxes of gravi weights sufficiently exact 
for elementary purjMJses are, however, now to be had.* 
Liquid measures are in almost everybody's possession. 
These are usually graduated into fluid ounces. An 
imperial pint contains 20 fluid ounces, a fluid ouuoe of 
distilled water weigliing exactly 1 ounce avoirdupois, or 
iZ^\ grains. Some measiires are graduated into cubic 
inches. A cubic inch of water weighs 252 '458 grains 
(nearly 252^). A litre wine bottle is easily obtained for 
comparison with our liquid measure. 

The imperial pint = -5675 of a litre, or 3i-66 cub. in. 

The imperial gallon = 4-54 litres. 
This quantity of distilled water at 62° T. weighs 10 lbs. ar. 
The cubic foot = 28-315 litres or cubic decimetres. 



Mxampke to be inorked out or ver^Ud by Experim^it. 

1. "Weigh out 10 graius of sand. Find the number of grams, 

2. Weigh out 1 acrnple of sand. Find the number of grams. 
8. Weigh out 20 grams of zinc, and find how many grains. 

4. Measure ont 10 fluid oz. of water, and find what part of a 

litre it is. 
6. Measure ont 5 fluid oz, of ivat«r. How mnch would it weigh 

at 62° F. ? 
6. Measure out 1 litre of water. What does it weigh in grams 

and grains. 

• A sliilling bos of snch weights can be obtained at Mnw's, in 
Aldecsgate Sfieet, London, from 6 milligrains to 10 grama. The 
gram weight is only 2 milligrams out. 
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7. What 13 the 'weiglit of a pint of water in grams, and its 

volume in parts of a litre! 

8. What ia the weight of a caljio inch, of water in grams I 

8. How many cubic iiiches in 3 pints of water 1 "What is the 
Tolnme in terms of the metric system ? 

10. A gas-holder contains 6 gallons of water. How many cubic 

feet, and how many litres of gas will it hold-! 
Ana. -B6275 cubic feet, or 27'260e4 litres. 

11. What is the weight, in grams, of 2 scruples of potassic 

chlorate ! 

12. What is the weight, in grams and kilograms, of 530 litres 

of water 1 



CHAPTEE, in. 

Appakatus and Preliminaby Opbratioks. 

10. Before commencing the systematic study of the siil>- 
ject, the student should mate himself acquainted with 
the apparatus to be tised, and the modes of fitting ixp 
certain parts. This can be better done by making and 
fitting up as many as possible himself, than by his buying 
them ready made and fitted. He should not, however, 
spend valuable time in mating and trying to mend 
apparatus that can be easily obtained at the instrumeut- 
mater'a for a small sum. 

11. Glass-working. — Much of the apparatus used by 
the chemist ia made of glass, which, on account of its 
plastic nature when hot, enables it to take any form im- 
pressed upon it at that time. Glass tubea bent into vari- 
ous shapes are in constant requisition, aad the student 
should acquire dexterity in making these for himself. 
Some of the glass tubing imported from Germany is very 
difficult to fuse.* It is hence c^ed hard glass. This is 

• "DifBoultly fusible," as it is termed, not very euphoniously — 
and the same of "difficultly soluble." These terms were, however, 
used by Faraday and Miller. 



h. Google 



APPABATU8 AND PKELIMINART OPEBATIONS. 27 

only vBetal for combustion-kibes, which are required to 
stemd great heat. There is another kind ■which is more 
eusUy worked ; it is readily fused or brought into the 
plastic condition, and hence caUed sort glass — -this should 
be seleeted. EngHeh tubing is soft, but it contains lead, 
which is easily reduced on heating. French glass is also 
soft, but the German soft glass is the beat for fitting np 
apparatus. The tube should^ be of moderate thickness ; 
if too thin, it bends suddenly when heated ; but if too 
thick, it is difficult to work. It ^_^^ 
is to he had of varioua sizes. /^ \ _. 
These are the most usefid. I 1 (j (_) 

The best flame for bending \^_v' 
ordinary tubes ia a fish-tail gas 

hunier, but the flame of a spirit-lamp will do, and a small 
tube may even be bent in a candle flame. A fish-tail 
burner fitted on a telescope tube with a cast-iron foot, so 
that it may be raised to various heights to suit difieient 
persons, is a valuable adjimct to a laboratory for bending 
tubes, as the ordinary gaa lights are oftea too high. If 
gaa be used, the soot deposited may sometimes stain the 
glass, if heated too long, but does no injury, and can 
geneiully be wiped ofi^. Heat about an inch of the tube 
where it is wished to be bent, holding it with both hands, 
and tumii^ it constantly so as to heat it regularly. 
When it ia found by the presenre of the hands to be soft 
and yielding, remove it from tbo flame, and gently bond 
it with the concave part from you, taking care to keep it 
in tlie same pface. If the concave portion be made too 
hot, it is apt to buckle ; if, on the other hajid, the convm 
part be too much heated, the tube is apt to become flat- 
tened and contracted in its channel in the course of bend- 
ing. Of the two, it is better that the convex portion be 
made hotter than the other. When finished, tubes should 
.be annealed by gradually withdrawing them from tlie 
flMne, not cooling them suddenly. Never put a hot tube 
down on the bench, but support it on some badly con- 
ducting material till cold. 
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If large tubes are to be bent, a Herepath's blow-pipe 
may be used witb advantage, the glass being broi^bt 
gradually into the outer flame from beyond ; or a char- 
coal fii-e may be substituted. Glass b^ins to eofton 
before a visible red heat, but the manipulator depends 
more upon the touch than the eye. 

Small tubes about three or four inches long, for heating 
substances over the BtmBen, or blow-pipe flame, are easily 
made from a bit of hard combustion tubing by means of 
the Herepath, in the following manner :— 

Tate a piece of tubing about j-\ of an inch in diameter, 
and double the length of the i-equireil tube ; heat it in 
-the centre, gradually at first, then strongly, and when 
quite soft, pull it out suddenly, and you have two tubes. 
The little adherent piece is easily removed by the scratch 
of a file, and the point fused afresh. 

The following extracts are from the lato Professor 
Faraday's admirable work on Chemical Manipulation. 

12. Blowing BnlbB. — " A more delicate operation thaiv 
any yet described, and one that require considerable prac- 
tice for its performance with even moderate success, is 
the blowing of bulbs, and other expansions, either in 
the middle or at the end of a tube. 

" Facility will be best obtained by practising with a 
piece of tube about ' nine or ten inches in length, one- 
third of an inch in diameter externally, and one-tenth of 
an inch in internal diameter. The end is first to be 
closed, and then about two-thirds of an inch in length of 
the closed extremity is to be unifonnly heated until so 
soft as to bend from side to side by ite own weight The 
aperture is immediatoly to be placed between the lips, 
and by means of the mouth, air is to be propelled for the 
pui-pose of expanding the soft glass. This must be done 
quickly, but cautiously ; and as soon bs the eye, which 
m\ist be constantly fixed upon the heated end, perceives 
enlargement there, the force exerted by the moutii should 
be slightly diminished, and the operator should hold him- 
self ready for its instantaneous cessation. For if the 
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power ■wMcb. expands the glass at first be continued in 
full force, the glass vdll suddenly burst out into a largo 
irregular thin bubble of no use {fiy to pi€oes, and form 
the s<hccdled 'frost'). This follows aa a natural consfs- 
quence, for every enlargement o£ tlie bubble diminishes 
its thickness, and consequently, its resistance, and at the 
same time increases its internal area, and in that respect 
increases the power of the air impeUed into it ; and if 
the enlargement take place quickly, so that the glass has 
not time to cool, it cannot but happen that the bubble 
should expand to a laa^e size. To avoid this, air should 
be thrown in frora the mouth- only, and not from the 
lungs : as the glass expands, the force with which the air 
is impelled should be diminished j and the operator 
should not endeavour to finish the biilb at once, but 
having succeeded in expanding it to such a size that the 
internal diaancter ia five or six times the thickness of the 
glass, he should heat it again, and complete the biilh at 
a second operation. 

" The glass must never be blown whilst in the flame, 
but is always to be expanded in the air; as it swells, it 
must be turned, and the thinnest parts brought to the 
lowest position. 

" If an expansion be required in the middle, the tube, 
if not closed at one end, must be temporarily closed with 
the finger or a cork. The glass is then to be heated 
where &e bulb is required, and then blown out as before. " 

The cut ends of tubes should always be fused, so that 
they shall not cut the fingers or indiarruhher connectors. 
Heat graduaily, about half-an-iuch from the end, and 
then the end itself, till the edges begin to glow. 

To seal a platinum wire into a glass tube requires 
some practice, and is not much wanted by a student at 
firat. It can be done with platinum, because the rates 
of expansion and contraction of that metal are the samo 
as that of glass. 

13. Glass- cutting.— Glass tubes are easily cut, by making 
tt notch with a sitarp, three-conteredjile, turning the glass 
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rather than moving the ffla Break, by gmaping witla 
both hftiids, and bending with the notch away fi-om yon, 
aa yon would snap a dry stick. If the tnbe be large, 
carry the file-mark round, and make the notch deeper on 
i.he side farthest from you. 

Sometimes tlie neck of a flask we wish to ieep gets 
broken. The point of a hot iron pa.ssed round the tube 
will frequently lead ilie crack, and the rough edges may 
thea be fused, as mentioned before, A flask, or retort 
neck, may sometimes be cracked round, by tying a string 
previously soaked in turpentine round the place, and 
then setting fire to it, turning the flask the while. 
When burnt out, invert the flask and dip it into water 
lip to the point; it will generally crack at the place 
desired. Glass may be cut with a diamond ; but it is 
not likely the ordinary student will possess one. A 
scratch, however, is of no use with this substance ; it 
must he cut. 

14. Lamps. — Where gas is to be procured, the Bonsen's 
Burner is the beat sourceof heat for chemical operations, biit 
sph'it lamps may be substituted where gas is not laid on. 
The Bunsen's 
burner is sup- 
plied with a 
heavy cast-iron 
, into which 
is screwed a small 
f tube to 
connect it with 
the supply -pipe 
Fig. 1. by means of about 

2 feet of the 
brown or vulcanised india-rubber tubing f-inch dia- 
meter. The burner is screwed to the top of the foot, 
and a piece of brass tube is screwed on over this, per- 
forated with a somewhat large hole on each side 
of the base, and supplied with a m-Oveable ring to close 
the ho!e^ if necessary. The air entering the holes is 




neavy ca 

3 foot, into 
is screwed 
piece of t 
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mixed with tOie gas as it iffimes from the jet, and com- 
plete combustion takes place nt the top of the tube, a 
veiy hot, non-l«minoTiB, smokeleas flame being the result. 
If the pressure of gas is too small, the aii" 
misos with the gaa iu the tube smd explodes 
it near the jet, without dangei'. If, however, 
the pressure is too great, and it is necessary 
to reduce it, the sliding ling may be so moved 
lis to regulate the supply of aii'. 

K the brass tube of the Bunsen have a 
worm at the. top, it may be fitted with u 
brass cylinder, having a piece of fine wire- 
gauze at the top, the base being perforated 
with holes for the admission of air. This 
gives a large, hot, smokeless flame for flasks, Fig. 2. 
and ia called a Gauze Burner. 

The Rose Burner {a. Kg. 1), to screw on to the top of 
the Bimsen, is another arrangement for the same pur- 
pose. 

Th^Chimf>ey(S),'vn&.sta/rsuppcrrt{c), ' ' 

is sometimes useful. 

15. The Blow-pipe Jet {d) is a piece of 
brass tube, flattened at the top, which 
di-opa into the tube of the Bnnsen and 
gives a thin, luminous fliime, to bo used 
with that instrument. 

A spirit-lamp, with circular wick, 
a Berzeliua' lamp, in which the spirit 
reservoir is at a distance from the flame, 
and made to slide up and down the rod f^ 
of a ring-stand, should be furnished to 
every laboratory where gas cannot be had Fig. 3. 

16. The Blow-pipe,— Black's form ia the best, having a 
reservoir for the air at the bottom, which also furnishes 
a means for. retaining the moisture (a). Another form, 
made of brass, is very useful for retaining the moisture 
in a sphere, midway between the jet and the mouth. 
It is shown in Fig. 4, (b). The sjihere is made in 
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two piecea. It may be famished witli & bone moutb- 

To use tlie Blow^pipe. — The student mnat not get the 

notion that he is to empty his hmgs of air and then gasp 

for breath. He must, in 

the first place, inspire and 

» expire through the nose. 

J Placing the blow-pipe be- 

C3 T^'^ O tween his lips, and filling 

his mouth with air from the 

Fig. i. lungs, he mnst learn to use 

the muscles of the month to 

regulate and sometimes to supply air to the instrument. 

The mouth, in fact, acting the part of a distended bag, 

into which the air is taken by mouthfula, the muscles of 

the cheeks and jaws propelling it forward so as to produce 

a constant blast. It is not necessary to 

produce a strq^ cui^nt, i^e smaUer 

stream feeing as efficient as a largei- 




17. Herepath's Gas Blow-pipe.— The 

jet, furnished with flexible tube and 
month-piece for sending the Wast of 
air, is usually fitted to a Eunsen; gas 
Fig. 5. being supplied by the latter. 

18, Supports.— These should not be 
selected for show. They are requisite to hrtid apparatus 
in various positions, and substitiitcs may mostly be made 
or fitted up for the occasion. 

19. The Retort Stand, baviiig a heavy foot, and fur- 
nished with 3 rings, and dips of .various sizes for test-tubes 
■when they have to be heated for some time. Some of 
the laj'ger ones are furnished with a screw clamp, lined 
with cork, to hold a flask or tube containing mercury. 
A very good substitute is made with an iron rod fixed 
into a wooden base, with some pieces of thick wire for 
fings. 

30, The Tripod may sometimes be used aq a aubstitnte 
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for the above. Both are usually furnished with a, piece of 
■wire gauze to lay on the top ; a triangle to hold an 
evaporating dish, when it may he safely exposed to the 
direct flame ; and a sand bath. 

21. The Lamp Furnace consist* of an earthenware cylm- 
der to cover a Bunsen and form a chamber of hot air, and 
is a useful addition. It is usually ftirmshed with a Hinh at 
the top, to be used as a water-bath for heating substances 
that do not require a tempera- 
ture above the boiling point of 
water, 

22. The Table Support con- 
sists of a flat table fixed on a 
rod which slides up and down a 
tube rising from a wooden foot. 
The tube is furnished with a 
screw, so that the table can be 
fixed at any height. 

The wooden crook (*), and 
one with 3 pegs (6), fixed into 
a ball, are useful, and may be 
fitted to the same stand. 

A few wooden blocks, 3 or 4 inches square, 
^ am inch to 3 inches high, ai-e handy, and 
would in many instances do quite as well 
as the more finished support. 

23. The Wooden Vice, lined with cork 
(Fig. 7), is an almost indispensable ' re- 




Fig- 6. 



!, and from 



24. The Pneumatic Trough, for the col- 
lection and transfer of gases over water, 
is made either of japaimed tin plate oi- 
earthenware. The l^ger kinds, as in 
fig. 8, have 2 shelves for supporting gas 
jars. The small ones have a shelf for 
supporting the gas jars, perforated with Fig. 7. 

two holes, havii^ inverted funnels below 
them to lead the gas into the jars, (^e Eg, S-w, page 34.) 
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The stoneware ti-ougL, Fig, 9, ia ftimialied witli a bee- 
Mve shelf, for the same purpose as the fuunels in thiit 
first named. Glass dishra, for smaller f[uaJititieB of water, 
are useful on the lecture table, on ai-coiiut of their tran- 
gpareney; but the student mthplaboratoiy may substitute 
basins instead. 

e for a pneumatic tiough may be made as 




Fig. S. Fig 8 a 

follows. Take a flowei>ix>t, make a. hole m ite side, and 
place it upside down in a wash-hand basin. Invert the 
gas jar (filled \vith water), over the hole in the bottom 
of the pot, and bring the 
delivery - tube through 
the hole in the side. 




The gas will rise through 
the hole in the bottom 
Fig. 9. -into the jar. The student 

should practise filling 
jars with water, inverting them in the trough, and 
then filling them by means of a glass tube with air 
from his lungs. He may also learn to transfer air 
from one jar to another fiUed with water, by depressing 
the jai' of air with his right hand till its mouth is just 
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bdow the edge of the other, then, gently tiltmg it, and 
allowing bubblea of air to rise into the other jar. Do this 
over and over again, tai skill is acquired. He may also 
fill a cylindrical jar with eoal gas by nieans of a flexible 
tube, with a piece of glass tube attached to dip just 
under the surface of the water. Grease a glass plate, 
brir^ it below the surface of the jar, slide it over the 
mouth,' raising it out of the water and standing it 
upright on the table. Take a, lighted taper in the right 
hand, and slide off the greased plate with the left, apply 
the light, and the gas will inflame without explosion, if cave 
has been taken not to mix air with it Air may be mixed 
with gas in another jar, and the flame will cause the gas 
to explode without injury to the cylinder, as no obstacle 
is presented to the expanded gases rushing out. Collect 
a jar of coal gas, without admixture with air, and inflame 
it while held in the left haiid in. an. inverted position. 
{See Fig. 23, page 69.) The gas does not escape, because 
it is lighter than air. The skidentmayalso transfer a jar 
of coal gas, collected at the pneumatic trough, upwaixls 
into an empty jar, held as in Pig. 24, page 69, tiie gas 
rising through the air and displacing it on account of 
its l^htnesa. Test carefully witb a light. A slight 
explosion will not injiare a cylindrical jar of moderate 



Practice of this kind will be found very useful, and 
may be much extended by the teacher and thoughtful 
student, and manipulating powfc will be gained of gi-eat 
value in future experiments. 

The gas-holder will be described in the chapter on 
oxygen. 

2i-a. The Mercury Trough will perhaps sometimes be 
used by the teacher at his lecture ; but, on account of the ex- 
pense of the material, and its liability to loss, one as small 
as possible may be selected. One to work with 4 lbs. of 
mercury is to be had of Jackson, Barbican. It requires 
careful practice to get used to ^11'"^ tubes and small jars 
at the mercury trough, and should first be doae with no 
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one fidgeting about Globules spilt may be run into 
o-ne and be swept down by tbe operator, so that little 
loaa need be really suatiuned. The mercury trough 
should, however, abijays stand in a tray or other vessel 
when usod, 

25. A Wet^ewood Pestle aad Mortar is required for 
pulverising substances so that they may be more freely 
attacked by chemical reagents. Very hfird substances, 
like su,lphide of iron, should first be reduced to fragments 
by wrapping them in paper and striking them a few 
blows with a hammer on a stone or aavil. 

A selection of sound corks will be necessary. Before 
using them, they should be pressed, or put in paper and 
rolled imder the foot to softai them. 

26. Cork-borers consist of 3 or 4 brass tubes, sharpened 
at one end, and having a rim at the other, with a hole 
through the upper part to admit of a stout wire being 
put through to give greater pm^hase. They may be 
sharpened when necessary with a fine file, A rafa tail 
ra^ andjile, the first for enlarging a hole made by the 
cork-borer, and the latter for making it smooth, should 
also be possessed by each student 



CHAPTER IV. 

OpBRATIOBS CoNTIHTJBn. 

There are certain operations of constant & 
the Advanced course which it will be well for the be- 
ginner to know something about at once, as they occur 
occasionally in the First sta^e, when more impoi-tant 
matters are pressing for attention than the mere opera- 
tion itself. 

27. Solation. — Thisfollowanatarallyafterpulverisation, 



h. Google 



0PEBATI0N9 CONTINUED. 37 

mentioned at the close of last chapter. It gives greater 
mobility to the particles of bodies, preparing them for, 
or producing ehmiical (Kl/ion, somebimea separating a 
soluble substance from one that is insoktble. If by dis- 
solving a substance, no alteration of properties is pro- 
duced, and on evaporation the solid is again obtained, it 
is a Simple solution. If, on the other hand, chemieaZ 
action taies place, the student must Inow befoi-ehand 
the nature of it, as new compounds will be formed. In 
a simple solution, the body exists in a,Jree state. 

28. Water is the best Solvent, and ia always tiied first 
Most substances are more soluble in hot than in cold 
water, so that if a certain quantity dissolve in cold, more 
will dissolve if the water be heated, the aubatance, how- 
ever, frequently separating in a crystalline state as the 
liquid cools. 

29. Salt is equally soluble in hot and cold water,but lime 
and magnesia, are somewhat less soluble in hot than in 

30. Acids are usuaOy tried next to water ; hydrochloric 
being preferred because of the solubility of most of ita 
compounds ; then nitric, which has a great tendency to 
part with oxygen ; and lastly, but rarely, sulphuric. 

31. Alcohol comes next as a solvent, and solntiona in this 
liquid are called tinctures. Methylated Spirit will do in 
most cases. 

32. If a substance is insoluble, it is tasteless, but it is not 
always safe to taste an unknown substance. Ijjaf sugar 
and sugar-of-lead (Plumbic acetate), are similar in ap- 
pearance, though not in weight, but the latter ispoisonous. 
If a substance is soluble, and a bit be suspended in water 
by a thread, streams of the dissolved substence will be 
seen* to descend on account of its greater density. 

Solution is generally performed in tesl-tubes, jlasks, or 
ieofer*. Flasks are used when much vajKinr is evolved, 

* Owing to its different refractive power. In this way the hot 
air rising above i burning gas Jet is visible passing thrangli Iha 
denser air. 
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and to drive off tte greater part of the water wLeii a aub- 
stamce lias to be evaporated afterwarda to dryness. They 
should not be put on a table when hot ; they may be 
supported on wire ringu covered with Iwt, or, in one of 
the straw rings from the bottom of the covering of a 
Florence oil flaat. 

Beakers are thin cylinders of glass with flat bottoms, 
and are sold in nests of 3, i, or 6 of different sizes. 
Being thin, they becir sudden changes of temperature 
well, and fi'om their width admit of the stirring-rod being 
iised with caution. They may be supported on wire- 
gauze, oi: a sand-bath on a tripod. Be careful to wipe 
off the moisture that first condenses on the outside of such 
thin vessels, or they "will be sure to crack. Test-hibes 
may be held when hot with a band of folded paper passed 
round them. 

A cold liquid should not be added to another when 
boiling, or, if absolutely necessary, only in small quan- 
tities at a time, either through a ftumel or down a glass 
rod previously wetted. On no account must it be poured 
down the side of the glass. 

If the whole of a liquid is to be driven off, the larger 
portion may be evapoi-ated in a flask or beaker, aud 
the remainder can tlien be poured into an Evaporating 

33. ETaporating Dishes should not be exposed to the 
naked flame, or Ett all events, the flame must not be 
allowed to pass above the line of the liquid, or fracture 
will result. They may be supported on wire gauze or a 
sand-bath. Towards the end of an evaporation, the 
substance becomes pasty and spits. It shoidd then be 
watched, and before the last drop or two has evaporated, 
t&e lamp should be taken away, the heat of tho vessel 
being sufficient to complete it. 

The water-hath may be used for evaporations where 
the substance would be injured by a temperature above 
the boiling point. 

Evaporation is often the first etep to ctyetallisation. 
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3^ CtyBtaUisailon often takes place when a substance 
passes fcom the fluid to the solid state, taking up re- 
gular forms. Thus common salt always crystaJJises in 
cwSes, chlorate of potash in Jtat tables ; sulphate of zinc 
in needks. To facilitate the process, the liquid must 
he allowed to evaporate slowly. Crystals frequently 
separate from a hot saturated solutioD as the liquid cools. 
Very slight changes in the physical condition of a liquid 
cauae cryBtallisation to begin, A nucleus, or something 
to attach itself to, seems often to start it Thus if a hot 
eatttmted solution of sodie sulphate (Glanbei's salts) be 
allowed to i-emain at rest-ia a small flask, crystallisation 
dora not take place, but the leaat motion, the touching of 
the surface with a glass rod, or the dropping in of a crys- 
tal, is sufficient to start it, and crystals dart through the 
liquid which becomes a solid mass, the water being re- 
tained in the state of ice (water of crystallisation). ' 

jy. 1. Dissolve soma common alum in a large toiling tuhe 
e test-tnte), Iteating and adding tlie substance till no more 
'" solTe. Stretch some strings or bits of worsted across a 

jr other shallow vessel, pour the solution of alum iato it, 

and pnt it aside in a warm place. Or, a bit of coke may be 
put into the solution. Crystels like douUe pyramids will form 
aroucd it, 

IiBrge ciystals may he obtained b; selecting some of the most 
perfect and putting them into a separate ressel containing a. 
saturated solution of tbe salt, tumins them orer daily with a 
piece of atick on to a different face, replacing the liquid every few 
days by a fresh cold saturated solution, after draining off Uie 
" mother liquid. " Snhstances wMcb crystallise in the same forms, 
and are similar in atomic constitution, are said to be isomorplioas. 
Thus chrome alum, though not the same in composition as 
common alum, cirstallises in the same form, and very pretty 
crystals may be obtained by adding a solution of this suMance 
to that mentioned in the above experiment. 

Some substances ciystaUise in two forms, and are hence dim<«'- 
phm. Tbus sulphur crystallisea from the state of fnsion in 
needles, but fiom its solution in bisulphide of carhott in octa- 
hedrons. 

Suhstances which do not assume the crystalline state are said 
to be amorphous. 

39. Filters and Filtr&tion. — Packets of filter paper may 



(hu«e 
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be purchased of the proper sizes to fit 2'' and 3" funnels 
(the most useftU sizes), which are used to support tbem. 
Stout white blotting-paper may be used, or the filter 
paper may be bought in sheets and cut to sizes by means 
of circular discs of tin plate or Mohr's filter cutters. To 
fix the filter, fold the filter paper in half, then again at 
right angles, and open out by leaving three thicknesses 
on one side and one on the other, as in «, 5, c. 

The filter is to be put into 
a glass funnel, 'which should 
be made with its sidra sloping 
at an angle of 60", in order 
that circular filters may fit 
accurately. The funnel may 
be supported on the ring of 
a retort stand, or by a triangle 
on a tripod over a beaker. 
The end of the fimnel 
tube should enter or touch 
the side of the beaker to pre- 
Tent splashing. 

36. Decantation or pouring off may sometimes be re- 
sorted to instead of filtration. 

Exp. a. Mis together some sand and salt. Fold a pieiie of 
writing paper, and shoot some of the miKture into a dry teat-tuhe. 
Half fill with water aud sliake, the salt will dissolve. Jold a filter 
as abovo directed and put it in a glass funnel, supported by a ring 
of the retort stand with a beaker below. Wet the side of the filter 
by a stream of water projected from the wash-bottle afterwards 
described. Poor the wiole of the contents of the teat-tube care- 
fullj on the filter ; the clear hquid called the^trafe which runs 
tlu-ough will cgutain the salt in solution, which may be tested by 
its taste. 

Liquids may be poured down a wetted rod into a funnel in the 
way preyiously described. The student may practise the sepa- 
ratiou of the constituents of gunpowder as mentioned in Chap. 
I. ; i5r, at all eventa, ha may dissolve out the nitre and test it. 

37. The Wash-Bottle consists of a 30-oz. German 
flask, or a Winchester pint will answer very well if 
it can be got with a wide mouth. A sound cork 
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1 fitted with two tubes bent in tbe following 
One tube must be bent at an obtiise 
angle, and be just passed througb tlie cork. The 
other must pass through the cork to the bottom of 
the flask, and must be bent externally at an acute 
angle, and terminate in a jet as in Fig. 10. 

The bottle being filled with water, and the mouth 
applied to the first tube, air is to be forced in, and the 
increased pressure drives the water 
up the second tube and out at the 
Jet Its use is to wet a filter and 
to wash down particles from its 
sides. The jet may be attached 
by a piece of flexible tubing, so 
that it can be turned about at 
pleasure, without shifting the posi- 
tion of the bottle. 

38. SiBtiUation is not much re- 
quired in Inorganic Chemistry. It 
consists of separating one Jluid from 
another, the former being more vol- -^'s- ■^"■ 

atile ; or in eeparatiog a fluid from a solid, the former 
being wanted and the solid not. 

It is carried on best in retorts. These should be light 
and free from specks or flaws, which are liable to make 
them crack when heat is applied. If stoppered, the 
opening called the tubulaturo should be in the centi* of 
the body, so that substances poured in shall not soil 
the neck. It frequently happens that more materials 
have to be added whilst the operation is proceeding. If 
so, the powder should be added gradually, being shot in 
from a piece of glazed paper, and if liquid, by means of a 
tliistle-headed funnel. It is better, however, to stop the 
operation to add new materials, and shake or whirl tie 
retort roimd, as solid substances are apt to sink to the 
bottom. The tube of the retort is generally passed into 
a globular receiver made for the piirpose, but a clean 
flask of any kind will do, so tliat the neck is wide 
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enough to admit the tube of the retort. No cork is needed. 
Cold water must either be allowed to drip on the 
receiver wjjen distillation is going on, or wet cloths 
or blotting-paper must be put on it to condense the 
liquid, called the distUlafe, ■which comes over. 

E^. 3. Fat half a gill oE port wine into a 2-oz. retort, and 
pass the tnte 
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in the flask is little more than coloured water. If the distillation 
be carried on too long, water will evaporate also, but the spirit 
being more volatile, comes over first. 

Cognac £ro/ndy is distilled from the Ues or refuse in 
the wine manufacture. 

39. Clark's Betoit and Receiver is handy for diatiUing 
small quantities, and will be mentioned under the head 
of nitric acid. (J"^. 40, page 119.) 

40. Foi- distilling lai^ quantities the chemist uses a 
LieUg's condenser, where the condensing surface ia in- 
creased by Kurrounding a long tube by a wide tube con- 
taining water, called a water-jacket. 

41. SnhUinatioil differs irom distillation in the nature of 
the product, being a solid, as in the refining of crude 
sulphur. The .materiflls are melted, and the sulphur 
being volatile, is allowed to pass into a cool chRmber, 
where it oondenses in the form oijltncera of mtlphur. 

Exp. i. Put a. few Brains of iodim into a clean Florence flask and 
heat gently! the suBstanee Tolatilises, violet vapoura filing the 
flask and cooling on the rides In a crystalline fonn- 
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42. Water was called by the ancients one of the ekiii^nls, 
although, doubtless, they did not use the term with 
the same meaning aa we do now, Iiet na endeavour to 
understand something further about its competition. 

On page 14, we learned that it could be converted by 
heat into invisible steain: this steam occupies about 
1700 timea the space of the water that produced it — ^but 
ite molecules, though repelled from each other by the 
force of heati are still water. The intense heat, however, 
of a succession of electric sparks passed through steam 
separates its molecules into gases, in other words, decom- 
poses the steam. The experiment, however, is somewhat 
too difficult for a beginner to perform, and requires an 
indvetimh coil. 

Some metala have no effect upon Avater at any tempera- 
ture, as gold, silver, and platinum; others, as coppei-, 
iron, and tin, decompose it at a red heat; whilst the 
metals, potas^um and sodium decompose it at ordinary 
temperatures. 

Ea^. 1. Get some of the metal potassium, whitli is prepared 
from-wood ashes. It ninst be kept in petroleum, ae this liquid 
contains no oxygen, for whict it has a great 
affinity. It is soft, and when cut with a knife, 
is bluish -white. Tate a bit the size of a pes, 
throw it into a basin or little glass dish contain- 
ing water; it will ignite, huraing with a 
claracterifitic vwlei aflame. It will loIl over the 
surfaoe of the water (being lighter than that 
Hqoid), making a hissing noise, giving off white 
fumes, and disappear at last with a slight 
explosion. On this account it will be advisahle 
to have a glass plate at hand to cover the dish, as Fig. 12. 

a piece of the hot met^ is sometimes thrown out. 

The potcmiiiin tear* asunder the jwtowfe* of Wmter with which 
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il comes in contact, liberateEa|iartof tUe Hydn^ten, wliicli IbruieJ. 
one ot its constituents, combming witli the other part, and tiie 
remaining constituent, to form eanstic potash or potasaic hydrate. 
ThB latter may be seen lis n white atreei, dissolving 'in the water, 
to which it gires a peculiar taste, called alkaline. A yellow tur- 
KT, whicti is not affected by ordinary water, will be tamed 

IE being dipped r-'^- "--^' '-■-'- ■' ■ ..-.. .^. . 

A reddmed li 
caQed a frojfc or alkalive 

Exp. 2. Take a piece of the metal aodi-am, it is cheaper than 
polaasiwm, bein^ one of the conatitnents ot common salt. It is 
soft, like potaasium, and lighter than water ; but ila action is not 
BO violent. Throw a pieco upon water, it will roll about, but will 
not inflame unless the water be hot, or its motion be arrested by 
putting it on a hit of blotting-paper ; then it will do so, burning 
with a golden yellmnjlame. Cover with a glass plate before the 
flame is extmguiahed, as in the prerious experiment 

C natic soda, or sodic hydrate, will he iormed in the same way 
as potttsaic hydrate was, hydrogen bein^ sit free; the same taste 
and basic reaction being also produced in tliis ease. 

Ej:p 3 Fill 1 amall cylinder or large test-tuba with water, 

r the mouth with a greased glass plal<^ and invert it in a 

biaiu of water. Wrap a bit of sodium in 

fi le wire eanze, and throw it ixAn water, 

it will sink on account of the weight of the 

hitter. Bring the cylinder over it, biMks 

of aas will rise and displace the water, 

filling the tube. Cover with the 

, ir a greased glass plate, and remove 

• from the water. The gas is transpajent and 

cDlourlesa, and inlUmes n-hen a light is 

applied, bumingwith a pale lambent flame. 

ri" 13 1* '^ hydrogen, which has been liberated 

° from the water. 

Another, and perhaps a better way, is to get about an inch of (ia 

pj}>c (_su(,h as used by gasfitters). Perforate it with holes, and then 

Iiut a bit of sodium, inte it. Flatten the ends of the pipe \o close 

them, and drop it into tlie water. Streams of Eydiogeu will rise 

from the holes where tlie water comes in contact with the metaL 

The mdvwm. decomposes the water, as in the case of Uie polasei'mn. 

Potassium must not be used, as the heat produced by (he violent 

chemical action would inflame the gas. Care is necessary, even 

with sodinm. 

A pair of hrasa tongs having a bowl something like a bullet- 
mould, but perforated with holes, is very handy for this experi- 
ment, as they can be brought under a cylinder readily, and do 
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not let the sodium escitpe anil take fire, as it sometimes does, 

inflaming the hydrogen. They miiEt L ' ' ' " 

piece or metal has to be uaed. A 

wire-gaiue epoou. may ho inverted 

over a liit of the metal as it 

floats on the surface of the wat«r, 

and thus he brought mider the 

cjlinder. 

Water, however, is not the 
only liquid from whieh Ly- 
drogen can be obtained by 
means of the alkali metals, Fig. li. 

potassium and sodium. Two 

liquids, hydrochloric acid and ammonia, having very 
opposite properties with regard to their action on test- 
papers, yield this gas imder certain conditions. 

43. Hydrochloric acid is a gas, very soluble in water, its 
solution being kept in the laboratory under the same 
name. A bliie litmus paper is instaiitly turned red when 
held over the open mouth of a bottle containing it^ 

44. Anunonia is also a gas, and its solution in water is 
kept by the chemist as a common reagent. It has the 
property of turning a reddened litmus paper hlite aad a 
turmeric paper hrown, and is sometimes called the volatile 
alkali, to distinguish it from the Jixed alkalies, potash, 
and Boda. 

These two liquids give off their respective gases when 
heated, as they are he'd simply in solution, and are more 
volatile than the water in which they are dissolved. 

Exp. 4. Fit np a 4-ounce flask with a thistle funnel, and a 
delivery-tube bent twice at right angles, es in Fig. 15. The fuiinel- 
tuhe must go neatly to tlie bottom of the flask, the delivery-tnbe 
just passing thi'ough the cork. The longer leg of th« latter must 
pass throngh the cork of a rather wide-mouthed bo 1 n arly 
the bottom, and from the top of this bottle anoth bow tnbe 
to be iitted, to which a piece of hard glass tuhe ia x h d 

or a bulb-tube, if one be at hand. 



il hydroclilnric acid, 
of pumice stone, saturated with strong snip 
of vitriol). Put a piece of potassium into the bulb 
Heat the hydrochloric acid gently in the flask ore 



n-if 
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the gaa cimrged nidi moistare will pass out into the bottle, 
where it wiD he robl)ed of tta moisture by the Hulphuric acid 
spread over the large surfaces of pnmice (dessicattag agent), and 
the gas will pass off dry through the bulb-tube (c) ; or pass the 
inoiat giu through a b^nt tube contniiiing chloride of cdciom as 




Fig. 1„. 

in. Fig. 16, the gas will be dried. It will redden a blue litmus paper 
held at the open end, and fumea in air, dissolring in its moistm^. 

How, heat the potasaiam in the bulb (c), by means of a spirit 
lamp. Chemical action will be set np, and the metal will gloiv. 
The hydrochloric add gas will bo decomposed, one of its consti- 
tuents— chlorine— combining with the potassium to form potassic 
chloride, the other being set free. 

Apply a light to the end of the tube ; a gas inflames, which 
is liydfogeii, the other constituent of hydrochloric acid. 

Exp. 5. In the same manner, and with the same arrangement 
of apparatus, ammmiia gas may be proved to eontiun bydrogen, 
tlie other constituent combining with themetaL The gas ohtaiued 
by heating the solution must be dried, howerer, hy passing 
it through quick-lime as a dessicating agent, as sulphuric 
acid forms a compound with ammonia. Chloride of calcium in 
a U tube might be used in both cases for drying the gases instead 
of the above. A test-tube containing sodium amal^jn— made by 
putting hits of the metal into mercury, slightly warmed in an 
eva[)orating dish — may be used instead of potassium in both ex- 
periments, and heat need not be applied. 

"We have seen, therefore, liat ■water, hydrochloric acid, 
and ammonia, all contain hydrogen as one of their con- 
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Btituente, and tMs lias been separated from them by means 
of potaeaium and sodium, which have a gi-eat affinity for 
the other constituents contained in these compounds. It 
is only possible, however, by this mesias, to separate one 



We shall, in the next chapter, proceed to show the na- 
ture of the other constituents contained in these bodies. 

BUMMAKY OF CHAPTER V. 

Water was called an element by the ancients. 

The attraction of cohesion is loosened by heat. The 
teat of a series of electric sparks decomposes steam, 

Potasaium. bums with a violet flame. Sodium bums 
with a golden yellow ilame. 

Both metals are soft, and can be cut with a knife, Tliey 
are both lighter than water, Tate care of sudden burst 
of steam. The metals move about on a cushion of steam. 

Potassium and sodium tear asunder the molecules of 
water, hydrochloric suad, and ammonia — decompose them, 
in other words — ^liberating part of the hydrogen in water, 
combining with the other part and the other constituent 
te form potasaic and sodic hydrates, which dissolve in 
the water. These bodies have a Imsic or alkaline reac- 
tion on test-papers, tunung turmeric brovm and reddened 
litmus liliie. They give the water a peculiar taste, and 
make it slimy to the touch. 

Sodium is not so violent in its action as potassium. 

Sodium amalgtun may be substituted for potassium. 

Hydrogen gas can be collected, over water by briuging 
a bit of sodium below an inverted vessel filled with water, 
the hydrogen replacing that liquid on account of the 
greater lightness of the gas. 

Hydrogen is a transparent, colom;less gas, without 
taste or amelL It ia inflammable, and bin-na quietly 
down the jar. 

Potaaaic, or sodic chloride or nitride, is foi-med when 
hydrochloric acid or ammonia gas is passed over these 
metals heated in a bulb-tiibe. 
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CHAPTER VL 

Decompositioh 0¥ HYDKOCHLORin Aom, Water, and Ammonia, 
BYrHEEi.ECTRioCuaKBNT— Constituents OP THESE Liquids 
— Analysis and Synthesis — Elekbnts and Compounds — 
Chlorous ahd Basylous Elements. 

45. For the experiments in tlis chapter, it will be neces- 
eary to have some means of generating an electric ouirent 
by chemical action — that is, we most have some form of 
^vanic battery. GroTe'a, Bunsen's, or Smee's are the 
best. It is advisable to have four or fiye cells,* but two 
4-inch of Bunsen'a or Grove's arrangement will enable the 
teacher or student to perfoim the neceBsary experiments 
on a small scale, if aJso provided with a few other bits 
of apparatus, to be mentioned as we proceed. . One ceil 
is insufficient to produce electric decomposition, as it is 
unable to ovei-come the resistance a liquid opposes to the 
passage of the current 

Exp. I. a. Get two pieces of platinum foil, and fasten a copper, 
or better, ft platiiwim wire to each by mating two pin-holes in the 
slips, and damning the wires. Ponr some' %if rocft&n'c add into 
a IJeaker, and havinj; set two cella of your battery in oEtion, con- 
nect one slip of platmnm with each pole. Dip the plates into the 
aeid, bubbles of gas will be seen to ftrise from each of them, and a 

iiungent, suffocatinv smell will he experienced. If a moistened 
itmus paper be held over the beaker it will be bleached, 

b. Wasa the plates well, and then dip them into auotlier beaker 
contMning isaier. A similar result will take place, babbles of 
gaa rising from each plate, but this time there will be no pungent 



* Fine i-iiieh cells of Bnnsen'a arrangement require li rij, by 
weight, or about 10 fluid oz. (j a pint), of strong nitric acid 
to charge the porous cells ; and 1 pint of dilute sulphuric acid 
(I acid to 6 water) to charge outer ceils containing amalgamated 
zinc plat«s. The nitric acid should be renewed every third or 
fourth time it is used, new dilute sulphuric acid every other time. 
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In all three cases the liquids are decomposed by the 
electric cnrrent, which passes throagh the liquid from 
plate to plate. 

Exp. 2. Get a U ■>!' V sliaped tube, or make one. Fit it to a 
stand by elampiug it with a piece of tin or witli some plaster of 
Paris. Fit tivogjoil torks into it, making a small hole through 




Fi,' 18 
each, and pass tlie n ire- attached to the platinnm plat«3 nsed in 
the previoua esperiments through them, so that the plates will 
dip into the tubes, as m Fig. 18. Half ai the tube with hydro- 
chloric acid. Put the corks ia tightly and couuect lie wires with 
the batteiy. The gases arising from each plate, as in the prerious 
experiments, will collect now in the two limbs of the tube separ- 
ately [of course mixed with air in this arrangement). 

"Wlien the operation has been going on — say for Ave minutes — 
uncork the tube connected with the negaUve (— ) or zinc end of the 
batteiy, a colourless gas, which inflames when a light is applied, 
is found to be present, and will be easily recogniaef as hydrogen. 
Kemove the cork from the other limb, in which the plate con- 
nected with the positive (-H) pole was pat, the pungent smell 
spoken of before will be perceived. If a moistened litmus or 
turmetic paper be held over the tube, it will be bleached ; or, if 
some solution of snlphate of indigo be previously introduced into 
this limb, it will ho decolotirised. The gas, which haa a greenish 
yellow eolonr, is oMorine, and this bleaching property is one of 
its chief cliaracteristics. 

46. Hence we learn that hydrochloric acid consists of 
two gases— hydrogen and chlorine. Exact experiments 
moreover show ttat these gasea are liberated from that 
liquid in equal voliunea. These are, however, somewhat 
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too advanced to be introduced or described at this stage. 
Chlorine is rather soluble in water, hydrogen only to a 
very small extent. 

In the last chapter it was shown that the metal 
potassium turned out one of the constituents from hy- 
drocUoric acid, watei", etc., but the eUctric ciurent sets 
them botft free. It in fa«t teaxs asunder each moleculfi 
of the acid, ■which consists of an atom of hydrogen com- 
bined with aa atom of chlorine, 
i&y. 3. Get a small voltameter, consistiug of a receiver fixed to 
B. stand, having two 
slips of platinum foil 
cemented into the bot- 
tom, connectedby cop- 
per wires with two 
binding screws. Fit 
it with a, cork and de- 
livery-tube, as in the 

3 witli water, to wliieh a small quantity of 
been added, to increase its conducting power. 
Send the current from the battery through it ; two gases will 
stream off at the platinum plates, which may b« collected over 
water in a soda-water Mile or sioul glass lube. Tbe elective cur- 
rent ia passing through the water tears its molecules asunder, 
and tlie resulting gasea mix together in tho bottle- 
Cover the mouth with a greased glass plate, and remove the 
bottle from the water. Wrap it round witll a duster, to protect 
the hand in case of fracture. Bemova the greased plate and 
get some one to apply a light ; a loud explosion will t«5te phice, 
caused by the rushing together of the atoms of tbe mixed gases 
to form water gas, whicb speedily condecaea to water on the sides 
of the bottle. 

A substitute for the voltameter above described may be made 
by Etting the two platinam, plates to a cork in a wide-inbutbed 
bottle, the cork being also furniahed with a delivery tube. If, 
however, the current he strong, the exposed platiuum is apt to 
become red-hot and fire the mixture, blowing out the cork. 

.Ecp.'i. Make some soap-suds in a basiOj and let the delivery- 
tube from the voltameter m the last espenraent pass into it and 
blow some bubbles. Take soma of these in the liahn of the hand. 
Stand away from the voltMnBter, and apply a llltht, tha btibbles 
will burst with a loud report, but of course Will da no iajmyto 
tho hand. Or, revwve (he duivery-tube, and apply a light to thi; 
bubblea in the basin. 
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A small collodion balloon may be filled with the 
mixed gases and exploded as it ascends by attaching a 
piece of stiing soaked ui strong solution of niire, with a 
bit of lighted gun-cotton at the end. 

47. In all these cases chemical combination takesplace, 
WATEK being fanned again from the constituents. 

Let us now, as in the case of hydrochloric acid, collect 
the two gases separately. This we may do by means of 
the same arrangement with a (J tube, but it is better 
done in tlie foUowii^ manner : Get two holes drilled in 
the bottom of a glass basin, and cement two pieces of 
platinum foil in the bottom, with copper wires attached, 
passing through the holes. Two equal-sized test-tnbra 
are to be inverted over the platinum plates. A very 
neat and not expensive instrument of this kind is shown 
in Fig. 18. It is also called a voltameter, and is used 
for collecting the gases separately. 

£Srp. 6. Fill the tubea anil half flU the basin with water, adding 
some Bnlphuric aeid to hoth to increase the conducting power. 
Invert the tubes over the slipa of platinam and connect with the 
battery. The current in ^flflsiDg from plate to plate will decom- 



pose the water, the gas rising in the Inhe 
nected with the negative 
pole being double in quan- 
tity to that which rises 
over the plate connected 
■with the positive pole. 

Stopping the current 
when a small quantity of gas 
has collected, removing the 



r the plate c 



bym"' 






_ . — . g the other tube 
and plungiiig a glowing 
splinter into the gaa, it 




Fig.] 



. Ludlod, with a 

sl^ht pop, if the tube have much gaa in it. Tiiis gas is cmygen, 
the other constituent of the water. 

48. In this case \.'3 not only learn that water consists of 
two gases — oxygen and Iqrdrogen — but we find they axe 
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liberated in the proportion of one volnme of the former 
to two of the latter, 

Ecp. 6. Make the same arrangement with a |J tube as In 
the case of hydroohlorio acid. Pour in some strong ammonia 
solution, and add cavMously a few drops of eulphuric acid, to in- 
crease its conducting power. Connect the plates with tlio batteiy ; 
hydrogeQ again appears at the negatiTO pole, and may be tested in 
the nsaal manner. On removing the cork from the other tube and 
applving a light, it will be extinguished by a small quantity of gas 
which has collected there. This gas is nitrogen, the other con- 

49. Exact experiments show that three volumes of 
hydrogen are combined with one volume of nitrogen 
in ammonia. 

We have thus ehown by analysis tlie coiiatitutioii of 
the tliree compounda — hydrochloric acid, water, and 
ammonia, and it now remains for us to prove as fai' as 
possible, by putting tlie constituents of these substances 
together (that is, by synthesis), that these compounds 
are formed again. 

To do this the following experiments must be per- 
formed : fuller particulars for preparing and collecting 
the gases will be found on pages 66 and 67. 

Esyp. 7. Put some zinc clippingB into a Wonlff's bottle, fitted 
with a thistle funnel and delivery tube. Pour on them some 
common hydrochloric acid. The acid will be decomposed, the 
hydrogen being liberated. Collect a jar of the gas over water at 
the pneumatic trough, and cover it witli a gresaed glass plate. 

Chlorine may be obtained from hydrochloric acid by 
the action of black oxide of manganese, or mai^anic 
dioside. 

iSrp. S. Put into a 4-oz. flask (or Florence Ilaak) some of this 
manganic dioxide, and pour on it some hydrochloric acid, carefully 
miiiiig it, so that all the powder shall ha wetted and made into 
a. thin paste. Fit a cork and delivery- tulie to tjie flask, and let 
the latter pass to the bottmn of ajar as in Fig. 19, the jar being 
of the same size as that in the previous ^cp. Cover the jar 
with a card having a hole in the middle or a notch at the 
side. Heat the flask gently over a sand-bath. Chlorine 
gas will come off and lift the air out of the jar on account of its 
greater density. Great care must be taken not to let any 
escape into the air, as it is poisonous, unless largely mixed 
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■with air {see Chap. IX,). Apply a moistened test-paper to the 
mouth of the jar from time to time, and when this is bleached 
the jar may he considered full. 
Exp. 9. Cover the jar with 
a greased plate, and invert 
it over the one containing the 
hydrogen. Holding the jara 
firmly, draw the two plates 
from between them. The tivo 

Ces will mix together, the 
vier gas descendiiig and the 
lighter ascendiDg-'difFuMng, 
as it is called. This may be assisted by turning them up and 
down once or twice. The gases, however, only mii, they d " 
combine. 

Light a sjnrit lamp, and holding a cylinder in 
each h db'gth tthflm d eparate them 
as rB21 A pi willtak pi ce,anddense 
whtaldyillbpod J whl h edden litmus 
p pe Tl y st 1 1 ydroehl a«id, showing 

1 Jy th t hydr g d hi rine are the 

nly ttu ts f hjd 11 n d They com- 
bm re equal 1 m e volume of 

hydrt^ mb th 1 f chlorine to 

f Ijd oOiln d gas. The Y\g. 20. 



1 tl w ght f tl f 



1 b 



ght f hydrogen. The weight 
f th p d t 13 th Sim f th t 

T p fch p la. f w ter synthetically. 

Ea^. 10. Take the stout tube (explo- 
sion tube) used in a former Exp., or the 
soda-water bottle, and fill with water. 
Ascertain its measure in fluid ounces or 
in any other way. Divide its volume 
iuto three parts, and pour one-third 
part of the water into the tube, pasting 
a piece of paper or putting an iodia- 
rulibei" band round to mark the height. 
Ponr in another third of the water, anil 
mt^ ite position by another, band. 
One-third of the tube will be left. Thisis— „ 

Wow, fill the tube with water and invert it in the trough. Fill 
it two-thirds with hydrogen and one-thitd with oxygen, wbiohieto 
be prepared thus : 

Ba^. 11. Take a small t«st-tabe of hard glass. Fit it with a 
cork and delivery-tube, and pnt in it some osygen mixture (sae 
Chap. XI.). Heat in the Bnnsen Home ; a. colourless gaa will 




Fig. 21. 
is mlibrating a tube 
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he given off, wWcli is to be collected in the aliove tube at the 
pneiimatie trongli. 

ThoerploMon tnb« being now Dlled with a mixtureof |hydrogen 
and J oxygen, cover it with a gi'saaed plate and remove it from 
the trough. Bring the open mouth of the tube to the flame of 
the spirit lamp, a loud explosion will be the reEult, and water ia 
formed. If more or less than J of hydrogen, or more or leas than 
J of oxygen be present, the explosion wUl not be so load, and 
some of the gaa in excess will be left free. 

Xott.—\ EDiBll test-tube ot oi^gen msT be collected first. Tlie gu nitl 
rekindle a eloniDg Epllntel. 

SQ. In this case two volumes of bydrogen combine witb 
one Toltime of o^gen to form water. 

Exact expeiiments to be mentioned heresrfter prove 
also that the two volumes of hydrogen, combining with 
one of oxygen, form only two volnmes of water vapour — ■ 
that condensation thus takes place. 

The weights of oxygen and hydrogen entering into 
combination are aa 16 to 2 — oxygen being 16 times the 
■we^ht of the same volnme of hydrogen. The product 
of the combination is tho sum — 18 pdits by weight. 

51. How, there is no method known by which hydrogen 
can be made to combine directly with nitrogen, so 
that the composition of ammonia cannot be proved 
BYHTHETICALLY, as in the other two cases. But in 
any given quantity of ammonia gas, it is found that for 
every 3 parts by weight of hydrogen liberated, there are 
li parts by weight of nitrogen. And, moreover, if 
electric sparks be scot through ammonia gas in the spark- 
stream apparatus, the gas ia decomposed, and its volume 
becomes doubled. That is, 2 volumes of ammonia gas 
become i volumes on decompiMition ; hence we infer that 
3 volumes of hydrogen, and 1 volume of nitrogen (weigh- 
ing 14 compared with hydrogen as unity) are condensed 
to two volumes of ammonia gas. 

We have in this way become acquainted with certain 
elements contained in the three compounds, hydrochloric 
aeid, water, and ammonia, and have learned by the way 
some of their properties. These compounds are types 
of many others btiilt upon the same plan. 
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It Tas found iu the electric decomposition of these 
compoimds, tliat hydrogen always appeared at the nega- 
tive pole ; on this account it is called an electro -positive 
element (oppositely electiified Itodies always attracting 
each other), the term basylous being sometimes applied. 
On the other hand, the elements (florins, oxygen, and 
nitrogen, appeared at the positive pole ; and are henco 
called electro-negative elements — the term chlorous being 
frequently applied to them from the first named. 

The elements are therefore sometimes divided into two 
groups according to the way they behave when sub- 
mitted to the electric current. 

ThuB, the following elements ai-e chlorous or electro- 
negative to the others, which are more or less electro- 
positive or basylous : — Fluorine, chlorine, bromine, 
iodine, oxygen, sulphur. Chemical affinity is greatest 
between a chlorous and a basylous element, but combina^ 
tion takes place at times between two of the chlorous or 
between two of the basylous class. Meretu-y, for instance, 
is chlorous to sodium, but basylous to chlorine ; the second 
compound is, however, much more stable (not so easily 
decomposed) than the first. 

Fluorine is more negative than chlorine ; chlorine 
more negative than bromine ; and bromine than iodine. 
Hence, S bromine be added to potassic iodide, the iodine 
ia liberated and potassic bromide formed. If chlorine 
be passed into a solution of potassic bromide, bromine is 
liba^ted and potassic chloride formed. In the same 
way oxygen is more negative than sulphur, and so on. 

A table of the most common elements will bo given 
in the next chapter. 
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CoMBIIfATrON BY VoLTTMB ABD WEIGHT — TaBLE OF THB 'ElBHSNTR 

Atomicity of the Elements — Compound Eadicals — 
Chemical TTomenclatuke — Acids, Bases, and Salts- 
Chemical EaUATIOKS. 

52, Aa this book is intended to furnisli the student princi- 
pally with the practical details of the subject, the writer 
wonld refer to the numerous works already published for 
fuller infoMoation on the theoretical part, as space can- 
not be allotted to both. 

Something, however, must be said about the nomen- 
clature used, and the modes of expressing the composition 
of bodies, and their reactions upon one another, in order 
to avoid too fi«quent explanation of similar matters. 

It haa been shown in the previous chapter, by tho 
electric decomposition of hydrochloric acid, water, and 
ammonia, that these bodies were built up of certain ele- 
ments combined together in certain proportions by volume 
and weight. Thus ;— 

1 Tol. of liydrogen combined with 1 vo). of eMoi'ine foiins 

2 vols, uf liydrocMaric aeid gas. 

2 vols, of hydrogen aud 1 vol, of oxygen, — 2 vols, of water gss. 

3 vols, of hydrogen and I vol. of nitrogen, form 2 vols, of 

ammonia gas. 

Taking the weight of a li1a« of hydrogen as unity = 1, 
a litre of chlorine weighs 35'5 (35^), a litre of oxygen 
16, and a litre of nitrogen H times as much. But as 
gases expand by heat and under diminished pressure, aud 
contract on cooling and under increased pressure, it ia 
necessary to compare them at the same temperat'ure and 
pressure. These weights are called the volwme weigAts 
or specific gravities of these gases compared with hydro- 
gen, and the same holds true of others. 

Now the weights entering into combination in the 
typical compounds taken are : — In hydrochloric acid, 1 
of hydrogen to 35 5 of chlorine ; in water, 2 of hydrogen 
to 16 of oxygen ; and in ammonia, 3 of hydrogen to 14 
of nitrogen. To these may be added ti fourth type, which 
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conaiBta of 4 parts by weight of liydrogen combined with 
12 parts by weight of carbon, forming marsh gas. 

The volumes and weights of the elements ttus com 
bined form in all cases molecules, which measm-e the 
same as 3 volmnes of hydrogen. 

Thus chemical combination can be expressed by volnice 
in. cases where the elements can be obteined in the state 
of vapour or gas, and in all cases by weight- 
Thus, to each element a number has been assigned, 
showing its relative weight compared with hydrogen, as 
unity. This ia auppraed to be tho weight of the " atom," 
and hence the term atomic weig/U. 

It is usual for the chemist to use a set of symbols to 
represent the elements— a sort of chemical shorthand, in 
fact The initial letter of the common, or sometimes 
that of the liatin name, is used for this purpose. This 
symbol also, by remembering or referring to the atomic 
weight of the substance, expresses the quantity by weight 
of t£e substance entering into combination. Thus O not 
orJy denotes oxygen, but an atom or 16 parts by weight 
of (iiat element ; H, an atom or 1 part by weight of hydro- 
gen ; Q, an atom of chlorine, or 35 5 parts by weight ; 
N", an atom, or 14 parts by weight of nitrogen ; C, an 
atom, or 12 parts by weight of carbon. Two or more 
atoms of an element are expressed by a small figure 
placed below the symbol on the right, as Hj. The symbol 
also expresses 1 volume of the elements in tiie gaseous 
state. 

When the names of two elements begin with the same 
letter, a second is added to that most recently discovered, 
as CI. for chlorine, Br. for bromine, Pb. (Lat. plumbum) 
for lead; C standing for carbon, B. for boron, and P. 
for phosphorus. 

The names of the more important elements are printed 
in the following table in the largest type. 

The symbols of the elements forming a compound are 
written side by side, with small figures as above, if more 
than one atom of either element is used, as CH^, FcjO,. 
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The symbols of a compound thus written aie called its 
fortti,vJ/t, and represent OTie inoltxule. Two or more mole- 
cules are shown by a figure on. the left of the symbols, a& 
2HC1, 40Hj — the figmre multiplying the atoms of all 
the elements in the molecule. Thus, in the first instance 
given, there would be two atoms of hydrogen and two 
atoms of chlorine combined, forming two molecules of 
hydrochloric acid ; whilst in the second case there would 
be four atoms of oxygen, ajid four times two, or eight 
atoms, of hydrogen, representing four molecules of water. 

As a means of further illustrating this subject, the 
combination by volume to form the typiccJ. compovoids 
before mentioned ia given on page 59 here, as repre- 
sented pictorially by Dr Hofmann.* 

The weight of the double volumes (molecidea of com- 
poTm.d gases) being divided by 2, gives, of course, the single 
volume weight of the respective compounds. Thus ;— 



It will be seen by the examples already adduced, that 
the elements 01, O, N, and have very different powers 
of entering into combination with hydrogen, and so 
it is with other elements. One atom of CI can only 
combine with one atom of H, whdst an atom of can 
combine with two, N with three, and C with four atoms 
of the same element Hence an atom of O ia able to 
replace, or is equivaleni to, two atoms of CI ; an atom of 
K to three, and an atom of C to /our of chlorine or 
hydrogen. And so of other elements : an atom of potas- 

* A series of carj-board boxes can be easily obtained to fit into 
one another (a nest), to show this combinatiou by volume, and 
the condensation in al! oaaea {but the first) to the doable unit- 
volume. 
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aium (K), Bodiiim (Na,), or silver (Ag.), combines with a 
single atom of chlorine to form KCl, NaCl, or AgCl — 
potassic, sodic, or argentic c/Uorides ; but it requires two 
atoms of these metala to combine with one of oxygen to 
form potassic, sodio, or argentic oxides. Again, the 
metala magnesium, bismuth, platinum, and antimony 
require two, three, /our, and Jive atoms respectively to 
form MgClj, BiClg, PtCIj, and SbCa», the chlorides of these 
metals. 

This difference of combining power, the knowledge of 
wMoh is so useful to the chemist, is sometimes called 
the "atomicity," "equivalence," or " quantmilence " of 
the element, which may be defined to be its power of 
displacing, or entering into coTnMnatiort tidt/i, anuther 



ise atoms are equivalent to one 
atom of hydrogen are called numads ; those whose atoms 
can replace two atoms of H, dyads ; those whose atoms 
can replace three, trmds; ioar, ielrada; flvo, pentads; 
and BIX, hexads ,-— as in the following table :— 

ATOMICITY OF THE COMMON ELEMENTS. 



MOHUB 


D,.» 


T«,*., 


T^^o 


PEHTAD8. 


Hbiads. 


HTdroa™ 


Oiyaeii 


Boron 


Catbon 


NitWEen. 


Snlphnr. 1 
































Tin 




ChrominiB. 




Calcium 




AJBmiiiium 




MangtneaeJ 




MagneBlum 




Platinum 












PiUsLliam 






Fotuaimn 














Heiourr 










UtWnn 


copper 










•niaULmn 
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city of an element is indicsted «hcn symbols on 


7 »« used. 


by DElLe d 
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ol, as in the 
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The atomicity of elements, and jtheir modea of com- 
Ijimng -with oliers, may also be represented by theii' 
symbols having lines, bonds, or dashes standing out from 
them, at the other ends of ■which the symbols of the com- 
bining elements may be written. These are the graphic 
formulie of Dr Frankland. Thus the atoms of H and 01 
■would be represented as ha'ving one bond, Zn and O ■with 
two, B and An -with three, C and Pt with/our, P and N 
with^e, and S with six dashes. 

Gold, — Au — \'l 



c chlorides ■would be repre- 
Cl 

CI — K; CI — Mg — CI; CI — An— CI 
Zincic oxide, Zu = O 
Atoms ■when isolated u:iite ivith other atoms, and form 
themselves into molecules. A. molecide must have all 
its bonds engaged, that is, it cannot combine with any 
substance without altering the arrangement of the atoms. 
Henoe, there must always be an even number of bcmda 
in the molecule of any element or in any compound. 

Some elements with an even number of bonds can 
exist as monalomic rnoleeules, their o^wn bonds satisfying 
each other, as 

Mereury He Zinc — Zn — and Cadmium Cd 

/-...I ■-..,..■■ /...\ 

The molecules of most elements, however, are diatomic, 
that is, are made iip of two atoms, as 

H — H CI — 01 = N^F 

Oxygen in the state of OZONE has three atoms in its 

0-0 
molecule, it is (ria((w»jc, \o/ ; phosphoros and arsenic ai-e 
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tetratoraic ; and sulphur i^ hexalomie, or has six atoms ill 
lie molecule. 

A pair of the bonds of au element may 
unite together or become latent Thua > 

nitrogen, whidi has Jive bonds, as in h — N — H 
ammonic chloride {HH,C1), may hare t/iree / \ 

bonds active and two latent, as in ammonia H H 

gas ; or it may have only one active and h 

four latent. Hence the tern 
"latent," and "active," atomicity. 

The bonds always diminish or in< 
in pairs. The element having the greatest 
number of bonds in a compound is usually placed first, and 
is printed in thick type in the following pages, asHHj.OHj. 

Some elements in compounds group themselves to- 
gether and act as elements. These atom grcmps are 
called compound radicah, as hydroxyl. Ho^ the mole- 
cule, and Ho the atom or semi-molecule ; as, in sulphuric 
or nitric acids, SOjHo^ and NO^Ho, the figure on the 
right multiplying the group (2 of H and 2 of O), the 
small being written for quickness, and to show that it 
is part of the gi-oup. The sfune atom fixing power be- 
longs to them as to the elements, they are hence monads, 
dyads, triads, etc, replacing and displacing one another 
just as elements do. Hydroxyl Ho is a monad radical, 
whilst the dyad radical zincoxyl is represented hy Zno", 
with the two dashes to mark its atomicity. Zno", or its 
amdogues, will replace Hoj in compounds, or Ko^, etc. 

53. Nomenclature. — ^The names given to the elements 
are for the most part arbitrary, but are easily remembered. 

In biita/f^ compounds, that is those consisting of two 
elements, tiie root of the m 
hasyhus element comes first, being made to e 
followed by the root of the chlorous or eleclro^egaliv 
element, with the ending ide, thus : — 

Sodium and chloriae form Soiic ohlotide KaCl 

Magnesium und oxygen form Mft^esi« oiide HgO. 

The same with sidphfrf^ bromtrfM, loiiHea, nitrides, eto. 
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If there be two compounda of the same elementa, that 
which has the smaller quantity of the chlorous element 
takes the termination ows to first name, ic beingusedforthat 
which has the larger quantity of the chlorous element, as 



Sometimes the prefixes hypo (under), and per (lor 
Iiyper, more), are used to indicate a smaller or greater 
quantity of the chlorous element. In a few instances 
prefixes are used, indicating the number of atoms of 
ea«h element, as triferric, totroxide, Fe^O^, containing 
three atoms of iron and four atoms of oxygen. 

Anhydrides are biliary compounds, containing oxygen, 
which are converted into acids on the addition of water. 



54, Acids are compounds containing one or more atoms 
of hydrogen, which can be replaced by a metal or metallic 
radical, forming two kinds of salts. Examples of such 
combinations with metals, oxides, and hydrates, will be 
found throughout the book. 

Thus, hydrochloric acid or hydrio chloride, HCl, when 
added to a metal, has ila H exchanged for an equivalent 
of that metal, forming what has been called a haloid salt, 
as sodic, zincic, boric, and platinic chlorides, NaCI, ZnClj, 
BClj, PtClj, which are binary compounds. 

Acids containing oxygen form a class of salts called 
oxy-salts, ■which are ternary compounds, or contain three 
elements. Thus, sulphuric acid, SO^Hoj, added to zinc, 
forma zincM sulphafc, SOjZno", where the radical hydroxyl, 
Hoj, is exchanged for zincoxyl, Zno". ITiose acids 
whose names end in ic form salts ending in (rie ,■ thc«e 
ending in oua form salts ending in ite. 

Acids are either ww-nobasic, liibasic, (nbaaic, or tetra- 
basic, as they have one or more atoms of replaceable 
hydrogen or hydroxyl, the term polybaaie being frequently 
used for all but the first. 
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NO,TIao, HO,Ago. 
S.Ipl„™ .eld, SO.HO, (Dltalo), j'7„_j'^.f;.|»j5V.' 

ptapw. „id. poH.. (Tm..io). j*';j"Sr;,lSl'3i.o. 

The use of symbolic and graphic formulse enables the 
atudent to express the changes which take place in 
chemical actions by Eciaations. Thus, when hydro- 
chloric acid van passed over heated potaasinm in the 
bulb-tube in ^a^. i, Chap, Y., the reaofciona could 
be expressed in equations, graphically or symbolically, 
thus:— 

Symbolic equation i 2HC1 + .Kj- 2KC1 + H, 
Where the two molecules of HCl, and one molecule or 
two atoms of potassium on the left, are represented by the 
same number of atoms of the elements on the right of the 
sign = which show the change that haa taken place. 
Abundant instances of chemical equations will be given 
throughout the book. 



CHAPTER Vin. 

Hydkogbn II'. 

S5. We shall now teke up the study ofcei-tain typical ele- 
ments, and their most important compounds, and for 
this purpose we shall commence with the monad olemeut, 
hydrogen. 

It will be recollected that we obtained this gas from 
hydrochloric acid (HCl), water OH^, and ammonia 
NHj, which were decomposed by the alkali metals, 
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potassium (K), and sodiiun (Na), oa account of tlie- 
ttffinity of these motals for tlie oth.ev constituent in these 
compounda. 

Now the metaJs zinc, iiian, and aluminium, have a 
great affinity for chlorine, and are able, at ordinary tem- 
l^eraturea, to decompose a, solution, of hydrochloric acid 
■with evolution of hydrogen, 

£]^. 1, Put a few grains of granulated zinc into a tflst-tnlje, and 
pour some common hydrocl^loric acid upon it ; violent cliemicnl 
aetion will take place, whicli increases on the addition of water. 
Hydrogen will be evolved, and will infiame on a light being ap- 
plied to tlie raouth of the tube, ■whilst zinoic chloride will he 
lorined and dissolve in the water, from which it can be recovered 
by evaporation. 

Zinc being a dyad,* an atom of the metal replaces two 
atoms of hydrogen, thus requiring two atoms of chlorine 
to combine with to form sa/niAa chloride, the reactions 
being shown by the follo'wing equations : — 

Graphic: ^~^j + Zn = CI - Zii - CI 4- H - H 
Symbolic : 3 IICl + Zn = Zn Clj + H, 
Iron and zino are searcely aoted upon by concentrated 
sulphnrio acid (common oil of vitroil), but are violently 
attacked when water is added, and dissolve ■with evolu- 
tion of hydrogen, 

E£p. 2. Pour some strong sulphurie acid on some scraps of zinc 
in a test-tube, little or no chemieal action will take '^lace. Add 
some water, the action will beeomo violent, aud Jiydrogen will be 
evolved, 

Whcn«e comes the hydrogen 1 Not from the zinc cer- 
■tainly, for that is an element ; not from the water, for 
water is not decomposed by zinc alone. It must there- 
fore have come from the acid. Now sulphmic acid is 
made up of three elementa, sulphur, oxygen, and hydro- 
gen ; or, according to Dr Fran^and's view, of two radi- 
cals, SOj and Hoj (hydroxyl), i1« formula being H^ 8O4, 

' Zinc is also a mojialomin moheale, hence the single atom can 
be used. Two atoms of all other elements escept Zn, Hg. and CA, 
must bo used in equations^ that is not less than a molecule, or 
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or, aceoi-ding to Dr IVankland'a notation, SOjHoj. In 
the former case, the atom of zinc is supposed to replace 
the two atoms of H, as in the decomposition of hydrochloric 
acid. In the latter, according to Dr Frankland'a view, 
a new body is formed, zincoxyl (Zno" a dyad radical), 
which displacca the two atoms or molecule of hydroxy! 
(Hoj) in the snlphnric acid, as in the following eqiia- 



Graphic :0=H-0-H + Zii = 0- 



Sulphurio Aeid. 
Sjmbolio : SOjHO; + Za = SOj Zno" + H, 
The water is required to dissolve the zincic sulphate as 
fast as it ia fonued, aa this substance covers the metal 
directly, and prevents the furtlier decomposition of the 
acid before water is added. In the case of iron, the sul- 
phate interferea with the action considerably, 

56. Now, let us examine the properties of this gas 
more fidly. For this purpose we shall require several 
jars, and we may use either HO or SO^Hog, and 
Zn or (Fe). Hydrochloric acid is, however, prrferable 
to sulphuric, and zinc to iron; the hydrogen thus ob- 
tained being purer and mere rapidly evolved. 

.Sep. 3. Into it two-necked Wonlff's botile put some grannlated 
zinc, nnd just cover it with water. Fit the bottle with ft thistle- 
headed funnel and delivery-tube. Stop the delivery-tubo with 
the finger, and blow through the funnel to Bee if it be air-tight. 
If consideratle rosistanoe ia felt, and the air ruehes out violently 
from the delivery -tube when the finger is taken away, the fittings 
may be considered sound. If, however, the air wbiatlea through 
somewhere, the apparatus is not safe, tlie fault must he found 
and rectified before proceeding, and ojijy then may the studetU pro- 
ceed mfdy. 

Nolt. — So many exploeiona are produced for want of attention to 
these points by young chemists, tnat the author must he escnaed 
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if he has Ijeen too prolix. Hydrogen is not an explosive gas, hut 
His so if mixed with air. 

Fill A pneumatic trough 80 that the water comes just ohovo 
the ehiilf. Fill the jara with 
water in tho trough and in- 
vert them— tEiking care they 
are quite fii]l, standing two 
on the shelves over the holes. 
Have some earthenware traya, 
email plates, or aaucers ready, 
and greased glass plates. Ar- 
range thegas generating bottle 
50 that the delivery-tube can 
be brought under the funneU 
in tlie shelf, as in the fig- 
Have also a small wax: taper 
fiKed to a wire ready to light 
when wanted. 
Pour some hydrochloric acid down the thistle-funnel, air will 
rush out of the delivery-tube and displace the water in the bottle. 
A Tiolant efferreacencB will tate place, and hydrogen gas mixed 
imth thtairiiiGie bottle will pass over. The first keo or three jars 
of this mixcturc must therefore be thrmon away. After a short 
time, fiJl a test-tube ivith water, invert jt over the hole in the 
shelf and fill it with gas. Bring It to a light, which should be 
burning far enoi^U away from the generating Jlask. If it ittflames 
with a 2»P> air is still mised with the gas. Try another, and if 
necessary, a third test-tube, till the hydrogen burns with a pale, 
lambent flame, descending quietly into the tube. Tlien, and not 
till then, collect a jar of the gas, and when full, insert a tmy ov 
plate under it and remove it out of the way, putting another in its 

Slace. The water iu the tray will prevent the escape ot the gas. 
over others with greased glass plates. 

If necessary, pour .some more HCl into the generating bottle ; 
but if the zinc be exhausted, the apparatus mubt be disconnected 
'• -^" --' "- ' ' ■ ' ' ain to sec if it be 

Having collected several cylinders or jars of the gna, 
try the following : — 

Mxp. i. Place a cylinder of the gas on the table mouth up- 
wards. Invert another jar, holding it with the left hand. Remove 
the greased plates from both jata, and after about half-a-minute 
bring a lighted taper to the firat^the gas will be found to have 
escaped. Bring the light to the inverted jar, and the gas will 
iuflame. Plunge the taper into the gas as in the iignre, it will he 
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extiiigiushed, but (an lie rekindled at tie uioulb, of the jar. 

This can lie rtpea1«d till the gas is 

consumed. 

The Bydrogen escaied from tlie 
first jar on amount of it^ liglitncb^ 



a jar 



r tho a 



may he kept in an invLrtcii poaition 
fur a quarter of an li ui before it 
has entirely dispersed Ita light 
ness may be further demonstrated 
by the foUowiuE experiments 

Exp. S. Take tv-o equal sized 
oylintters, fill one with hydrogen 
and hold the other in an inverted 

^Ition with the left hand Care 
y raise the jar cont«ning the 
gas month downwards with the right 
hand, bringing it tn the mouth of 
the other jar. Inolme it aa m the 
andponrthe g^3npw^rds it 
on account of its li vity 
through the air and displtce it 
Stand the jar which previously eon 
tained the gas on the table apply ■» 
light, the H. will be found to nave 
left it^ if the experiment ha? hpen 
well performed. Bring tie light 
to the inverted jar the gas will 
inflame with a slight report on ac 
count of mixture with a r The jar 
being open, no injurj is likely to 







Fig. 2i. 



Explosions are only dimgerous wten the gases are con- 
fineii, so that when expxnded by heat they cannot easily 
get out. Heace bcttles aio net so gf od ae cylinders for 
such experiments an 1 thin glass \e els should not ha 

.Ecp. e. Havea jar firmshei nith a stup cock or fitted with a 
cnrk, through whitl passes i x'eoe of glass tube which may lie 
stopped with a cork on the top tjU wanted Fill the jar with 
gas at a rather deep pneumatic trongh or in a pail of wat*r. Tie 
a small balloon, male of goldbeaters skin on to the tube, and 
having done so, press the jar down in the water, the gas will be 
driven in. If there is not sufficient in the jar to flU the balloon, 
decant another jar into it. 

When the balloon ia full, tie the neck just above the tube with a 
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air, and remain s-have till hauled down. 

Balloons were formerly filled ■with 1: 
now filled with coal gaa, which, though heavier thaii 
hydrogen, JB lighter than. ail". 

JEcp. 1. If a bladder be filled with tlie gas, and a piece oE tobacco- 
pipe be inserted, eoap bubbles may be blown with it, and will 
ascend ; or a piece of flexible tube, witli a bit of glass tube at the 
end, may be connected with the generating bottle, and answer 
the sarne purpose. 

57. Hydrogen ia the lightest hody Imowii. Its 
wmght, compared with air, being as 1 : I4'47. A litre 
of the gaa at 0°O and 760""" pressiire weighs -0896 of 
a gram. A litre of air woiild -weigh nearly 14J times 
as much, or 1'3 grams nearly. 

.Egj. 8. Inflaine another jar of hydrogen, and hold a dry ^ass. 
over it while burning ; the glasa will become covered with mois- 
ture. The hydrof^u in this case combines ivitU the oxygen of 
the air, and forms water. 

It is best to dry the gas, however, first, to prove that 
water is formed by hydrogea burning in air. 

Erp. 0, Attach a (J-siapod tnhe, containing lumps of dried 
chloride of calcium, to the tutie fiom the generating bottle, and 
adapt a piece of glass tube drawn out to a point to the further 
limli Take care that the apparatus is sound. Ascertain 
that all an hat, been driven out ot the apparatus by collecting 
a and inflaming them at the lamp. 
When the hydrogen burns 
(juietly down the tube, 
light the jet ; the gss will 
hum with a very paJe 
flame, giving hut littlo 
light. Hold a dry bell- 
'"" ~3r it, the sides will 
e covered with 



,t tubes of the g 




formed. 

Exp. 10. While the jet 

is burning in the last 

experiment bold a wide 

■pj gg glass tube, about 18 inches 

e- ■ jong^ open at both ends, 

over the flame, raising and lowering it at intervals ; a musical note 

will be produeed. A rapid current of air i^ drawn in, which 
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gives I'iae to a sei-ws of explosions whifli follow so quickly tUat a 
Kontinuous sound is pvodnccd. 

58. Hydrogen may be obtained fi-oin potato or sodic 
hydrate by tho action of amc. It wUl be remcmbovod 
that, in. speaking of the action of potassium on water, it 
jFHS said that part of tho bydi'ogen was espeUed. The 
othei- part combined with the potassium (K) and oxygen 
of the water to form caustic potash (OKH or KHo), thus : 

20Hj-+Kj=^20KH + H5 
Now tho hydrogen may bo I'eplaced by zinc, biit in this 
case one atom of Zn wUl perfonu the function of two 
atoms of K. And, as one atom of Zn will displace two 
atoms of H, two molecules of OKH must be used. 

A body called ^wtassic zinc oxide will b.e formed, and 
dissolve in the water. 

Zn + 20KH = ZnKoj + Hj 

Erp. 11, Malte a strong solution of potash or soi]a(Kn Ho), and 
pnt it itSto a retort, with some zinc turnings. Heat it to boiling 
on a eand-liatli ; a gas will 
be ^veu off wbidi may 
be colleel*d over water as 
■nana!. Sorae steam will 
also pass over, but this 
will condense. 

On applying a liglit to 
the gas collected, it will 
inflame— the gas is hy- 
drogen. 

Iron, if heated to 
redness, decomposes 
water, combining with 
the oxygen and liber- 
ating hydrogen. A 
red-hot poker plunged 
into water does &o 

Mqi 12 Adapt iflisk 
m which steam can be 
otnerated, to a piece of 

bud glass tube, m whidi sonis iron liliugs oi 1 orings have 
been previously placed Fit a delivery tube to this connected 
with the pnenmati trough. Heat the flask, and as the steam 
passes met the itou fihnga, heat them to redness by e 




a Here 
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path's lilow.pipe.. ThesteamwillbedecomposeiJ, trifemotBtroside, 
PssO,, being&mied, and hydrogen liberated. The gas may beool- 
lectm aa usual. 

Fcj + 40H:, = rejOj + 4Hj 
A. furnace ia generally used for this experiment, as in 
Fig. 27. Iron naiis are put into a piece of gas-pipe, and 
the glass tubes are cemented in. Such a fnmaCe can be 
easily made for a few shillings, and serves for many ex- 
periments. A mixtui'c of coal and coke, or charcoal, may 
be used aa fuel, and the chimney can be put into the flue 
of an ordinaiy fireplace. 




Fig, 27. 
The reactions which take place in Exps, 4 and 5, 
Chap, v., will now be understood : 

2HC1 + Na, = aNdCl + H, 

2NH, + Ka - 2KN + SH^ 

SUMMARY. 

Hydrogen is an inflammable gas, but it extinguishes 
flame. It is transjiarent, colourless, and without taste 
or smell when pure. It is the lightest body known, 
standii^ in relation to air as 1 ; 1447, or ■0693 of iia 
weight. That is, 14'47 (nearly 14^} litres onlyweigh aa 
much as one litre of air at the same temperature and 
pressure. 

On account of its lightness, it may be poured upwards, 
and may be collected by upward displacement of air. 
Mixed with air or oxygen, it is explosiva It forms | of 
the weight of water and | of its volume. "When burnt 
in air or oxygen, water ia formed. 

It is very slightly soluble in water. It is an electro- 
positive element, appearing at the negative pole, when com- 
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pounds containing it are decomposed by the electric current. 
It combinea wili electro-negative elements, as chlorine, 
oxygen, nitrogen, and carbon, to form comjiounda from 
which it can be liberated by certain metals. It is also a 
neceasary constituent of all acids, and of a large number of 
other coiapounds. It is a rnonad element, two atoms, H^, 
being replaced by one atom of a dyad e' 



CHAPTER IX. 

Chloeine CI'. 

59. We tave already learned something about the proper- 
ties of this gas in Chapter TL, having obtained it from 
hydrochloric acid by means of the olecteic current. It is, 
in tact, generally obtained from this source in the labors^ 
tory on acconnt of its cheapness, the commercial acid 
being obtained as a by-product in the manufacture of 
carbonate of soda (washing soda) from common salt. It 
may indeed be obtained from common salt, NaCl.' 

Tlie most simple way, however, of obtaining the gas is 
by heating platmio chloride, the metel platinum having 
but slight affinity for chlorine. 

E^p. 1 . Hent a few dropa of tJie solution of platinie chloride in 
a test-tube, it will decompose, a greenish-yellow pungent-smell- 
ing gaa will be evolved, whidi bleaulies a moistened litnras paper 
iustaiitlj', and the metal platinum will be left in a spongy state. 
PtCl, = Ft + 2C1, 

Great care must be iaten in experiments with chlorine, 
as it ia a poisonous gas, and if inhaled, unless largely 
mixed with air, may produce serious effects. It irritates 
and destroys the tissues of the air-tubes of the lungs, 
causing violent coughing and oppression of the chest. Tt 
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shoulJ not, therefore be allowed to escape into tlie room ; 
indeed, all experimenta witli chlorine are best carried on 
under a hood connected with the flue, or where there is 
a good current of air. When not being collected, the 
dehvery-tube should be passed into a jar containing a 
solution of sodic hydi-ate, or milk of lime, either of which 
absorbs the gas. It is sidvisahle to have a cloth wetted 
widi ether or methylated spirit laid on the table, as these 
liquids dissolve the gas. Ether may be inhaled also with 
, advantage should the gas be inhaled by accident, but 
briak exercise in the fresh air is the best restorative in 
such cases. 

Platinic chloride is too expensive to be used where 
jars of the gas are required for experiments. Hydro- 
chloric acid is the best source from which to obtain the 
gas in any quantity. 

If HOI be heated with black oxide of mangaaeae (man- 
ganic dioxide, MnOj), the latter exchanges its oxygen for 
chlorine, manganic chloride (MnCl^) and water being 
formed, the two atoms of dyoA oxygen being replaced by 
four atoms of numad chlorine. The manganic chloride 
formed la a very unstable compound, splittling immedi- 
ately into manganoiis chloride (MnCl^), and setting iree 
half the chlorine. The reactions are therefore best Siown 
in two stages : 

MuO, -I- 4HC1 = MnCl, + 20Hj ; tlien 
MnCf, = MnCl, -i- CI, 

Evp. 2. Fit up a wide-mouthed 8-ounce flask (a Florence flask 
will do), witt a thistle funnel, and a delireiy-tube bent twice 
at right angles. Let the longer leg of the tube pass tirough a 
cwk fitted air tight into a two-neoked* Woulffs bottle, and inst 
dip into the water. Fit a delive^-tube to the other neek leading 
to the pneumatic tcoi^Ii, as in FIj;. 28. 

* A three-necked Woulff's bottle may be used in this case, as in 
making a solution of hydrochloric acid, explained in next chapter. 
A straight tube is fitted to the oeatral neck, dipping into the water, 
so that aw- is admitted if the pressure from the generating flask 
diminishes, preventing a backward rush of water. On the other 
band, if the pressure is too great, the vral«r rises in the central 
tube. Such an arrangement is called a safety tube. 
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The liitUi' Miiat be filled witli water as hot as the hand mh bear, 
ns cbloriae is solnble in cold watflr to the extent of two or three 
times ita roliime. 

Put about au ounce of fiaely-powde-red man ganiu dioxide 'nto 
the ilask, pour in enough of the strongest commercial hydro- 
chloric acid, to thoroughly wet the MnO, by shaking it Beplacj 
the cork, and arrange the apparatus, jars being filled with water 
and invCTted ready in the trough. 

Heat the flask over a sond-batli, the chlorine will come off 
rapidly, any HCl that conies over withont being decomposed being 
dissolved by the water in ths WouUf's bottle. Replace the first 




FS -3 
jar, when full, by another, coToriitg tlio first with a greased glass 
plate, and removing it to the table. 

Eim. 3. To show the solubiUty of chlorine, nearly fill a small- 
mourned bottle with tlie gas, cover with the thumb and shake 
well ; then put the mouth of the bottle under water and remove 
the thumb, more water will rush in, absorbing or dissolTing the 
gas. Kepeat this operation several times, and a solutioe of tlie 
gas will be obtained, which will do in many cases instead of the 
gas itself. 

At 60° water absorbs its own bulk of CI, the solution, 
being of a, pale yellow colour, with an astringent nause- 
ous taste. The solution has the up. gr. 1-008. 

Ohlorine being heavier than, air, may be collected by 
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blocks, SO that the outer limb of tlie tube shall reach to the bottom 
of the bottles or jars, A card witli a. hole cut in the middle, or 
B. notch at the side — a little larger than the tube — beiag put over 
the jar. The ga$ lifta the air out on account of the ililference in 
density. When a litrons paper is bleached at tlie opening, the 
jar may be considered full. 

Of oourse by thia mode there ■will be a, alight admix- 
ture with air, but this does not matter for most experi- 
ments. The tube when, removed from the jar should 
be put into one containing a, solution of caustic sodst, as 
before directed, vmleaa others ha,ve to be filled. 

The gas may he th-ied by passing it through calcia 
chloride or a bottle containing sulphuric acid and pieces 
of pumice stone or coke, neither of which combine with 
the gas. 

60. Chlorine is an electro-negative element, appearing 
at the positive pole in the electric decomposition of HCl 
and other chlwides. It acta with great intensity upon 
electro-positive elements, as in the case of hydrogen 
{Chap, VI., ^xp. 9), combining with and" frequently 
liberating them from their compounds. 

Antimony, arsenic, copper, eta, bum in chlorine 
spontaneously, forming chlorides. 

Kcp. S. Shake some powdered antimony from the tip of a knife 
into a tall jar of chlorine. It takes fire as it descends, forming 
a, white smoke consisting of antimonious chloride, which being 
volatile makes the action more violent. Finely powdered rtittallic 
arsenk acts in the same way. The volatilised chlorides must be 
avoided, as Ibej are very poisonous. Remove the jar under the 
hood, or into a good draught immediately ; or, perform the experi- 
ment there : 

Sbj + Sf[, = SbjCl, 

Srp. 6. Attach a piece of Dutch metal (imitation gold leaf, 
consisting of cojiper and zinc) to a, vJre, and put it inta a jar 
of CI. It Tvill inflame, forming cuprio and zincie chlorides 
(OuCIj and ZnClJ. 

.Eg), 7. Heat a bit of sodium in a deHagraiing spoon and plunge 
it into a jar of the gas. The intense heat will volatilise the 
BOdio chloride or common salt (Na(J!) formed, and vivid combus- 
tion will take place. If put in without being heated, it only 
becomes covered with a white crust of NaCl. 

Sx^. B. Pnt,a little of the solution of cbloriue into an evaporat- 
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ing dish and put a tit of eodiuiii in it. T}ie metal wiE lurii, 
Bodic chloride being formed, which will dissolve in tlie water 
and give it a saline taate. 

61. Chlorine combines ■with chlorous or electro-nega- 
tive elements, but not so energetically, 

&p. 9. Put a bit of phoBphorons into a deflagrating spoon and 
plunge it into a jai of chlorine. It will bum epontaneously, 
but not so vividly, phosphoiio chloride — PClj — being formed. 

Chlorine decomposes such bodies as tallow, wax, and 
paxaffin, which are rich in caa'bon and hydrogen, com- 
bining with the latter to form HCl, and liberating the 
carbon in a finely divided state. 

Erp. 10. riungo a lighted wax taper, Bttac)ie<l to a piece of 
wire, passing through a. card, as in Fig. 20. It will bum with 
a lurid fiame, giving off a largo quantity of Enioke, wliite funies 
of HCQ being iQso formed in the jar. 

E}^. 11. Steep a piece of blotting paper or I'ag in tnrpen- 
tine (not French turps). It will burst into flaine instantaneously, 
dense volumes of smoke being evolved. 

0„H,. -§- 8 CI, = le HCl -I- 10 C. 

A jet of coal gas burns with a red smoky flame in chlorine. A jet 
of liydrogen on the other liand burns with afeebly luminous flame, 
white funies of HCl only being produced. (Sec Fig SO.) 




62. Chlorine decomposes colouring matters whicli ai-e 
obtained fi-om animal or vegetable substances, combining 
with part of the hydrogen, forming colourless compounds. 
It is thus used for bleaching calico and other fabrics. 

Mcp. 12. Hold a bunch of violets, a bit of tntkey-red cloth, oi 
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a dry litmus paper, at the mouth of ajar of Ct, the colour wUl 
be Ecaroely aHeoted. Wet them and they will be instantly 
lleacItM, The colouriug matters coutain E, which, is nith^wu 
by the chlorine, a7id tho aeynen of t^ aia- Meacha, A solution 
of sulphate of indigo (aulphoindigotio acid) and onlinary wiitjog 
ink ore bleached by CI, but printer's ink, which contains curbon, 
is not. The solution of the gas will do for such esperiments. 

The use of chlorine and compimnds containing if^ as 
deodoriaing agenta, also depends on the fact that the 
hydrogen of decomposing animal and v^etable sub- 
stances combines with it to form HCl, and the sub- 
stances become osidised by the air. All disinfectaiita 
which evolve 01 deodorise by the action of the oxygen 
ia the air. 

Slaked lime or calcic hydrate absorbs chlorine, form- 
ing the so-called " chloride of lime," or bleaching powder. 
For this purpose the lime is spread on shelves perforated 
with holes in a closed chamber, into which torrents of 
chlorine are sent by a pipe. The gas is absorbed to the 
extent of 30 or 40 per cent., but is rapidly lost on ex- 
See Eeactious, in Chap, XIH, 

A weak acid — even citric or tartaric — is sufBcient to 
liberate the chlorine from this compound. Chlorine is 
even evolved by the small amount of carbonic acid gas in 
the air, but it takes place more rapidly when mixed with 
water, particularly if a few drops of any acid are added, 
ficp, IS. Put somo " chloride of lime " into a beaker, and pour 
npon it a few drops of HCl or vinegar ; CI is eyolveil rapidly. 
Oaver with a glass plate to prevent its being inhaled. 



1 a piece of tnrkey-red cloth by 
.^ „ 1 solution of bleachinjf pow ' 

("chloride of lime"). Dip the cloth into water made s 



dipping a bit of wood into a solutbn of bleaching powder 



by some tartario acid. The colour will he discharged only at 
the stamped spots. In this way the white ligures on a coloored 
ground are produced in colourM hanilkerchiefs. 

It has been seen by S!xps. 7 and 8 that common 
salt ia a chloride of sodium. Hence the vast stores of 
rock-salt form the great natural storehouse of chlorine. 

When sulphuric acid is poured upon common salt, both 
are decomposed, HCl being formed. Now, the whole 
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of the chlorino caa he obtained from die HOI at the 
moment of its production (wlien in the nascent state) by 
adding MnO^ Wius : 

Rep. 15. Add together in a flask 4 jiarta by weigUt of NaCl, 
1 -pait of MnO,, 2 of sulphuric acid, and 2 of water. Heat tliu 
mixture ; inanganoas sulphate, sodic sulphate, and water will 
be formed, and the whole of (he chlorine will be evolved :^ 
a NaCl + 2SO,Hoj + MuO, = SOiMno' + SO.fTao- + 
SOH, + CI, 
Some hydrochloric acid is sure to be carried over, 
however, unless the sulphuric acid be added through a 
thistle funnel. It can be got rid of by making it pass 
tlirough water in a "Woulffs bottle. 

Qiustion. — How much chlorine by weight (in grams) and by 

measure (in cubic centimetreB) can 1 obtain from 1 litre of 

HCl, measured at 0°C and 760'oni mercurial pressure. 

Here I litre of HCa would furnish i litre of CI— 

•0896X35-5 

._ ^ _ 1 -6901 grams. 

And as 1 Hire = a cub. dec J litre — 'Soil or -5 of 1000 
— 600 cubic centimetres, 

SUMMARY. 

Chlorine is 3S-6 times the weight of hydrogen, and 
ii^i? ^^ ^'*^ times the weiglit of air, A litre of the gas 
weighs 0896 x 35'5 = 3-1808 grams. 

Cold water dissolves its own volume of the gas when 
agitated. The gas ia of a yellowish-green colour, and is 
veiy pungent and poisonous. It forms salts with the 
metals called chlorides. It is a bleaching and disinfect- 
ing agent on accoimt of its aflinity for hydrogen. A 
solution of the gas acts like the gas itself 



CHAPTER X. 

HYDr.ocHLonic Acid HCl. 

63. This is a gas; its solution is known by the same name; 

it is also called miuiatic acid or spirits of salt, being used 

in tlie laboratory and the arts for a variety of ptirposes. 
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It lias already been prepared synthetically by exploding 
a mixture of equal volumes of hydrogen and clilorine. 
H, + Clj = 2HCi. 

The same rea/jtion takes place when a jet of H ia 
burned in Ci. 

Combination of the gases H and CI also takes place 
slowly in difflised daylight, and immediately with ex- 
plosion in strong or direct sunlight, or in a light rich in 
chemical rays. 

Rep. 1. Fill a jar, half with CI and half with H. Cover it with a 
greased glass plate, and put it in the darh, no action takes place. 
B«moTe the jar into the daylight — ^not in the blaze of the bud ; 
slow combination talcea place, HCl being formed, which will 
redden a blue litmus paper, and not bleach it unless the CI 
was in excess. "White iiimes will appear in the jar if it or the 
gas he moist. 

If a small ulass bulb he filled with tlie mixed gases, it may 
be exploded in the following manner ; — For safety put it into 
a cigar-box turned on its side. Into a. cylindrical jar filled with 
nitne oxide (for preparatiou see Exp. 11, x>^ge 121), poor in a. 
few drops of bisulphide of carbon, or put a small bulb contain- 
ing that liquid into the jar ; shake up and break the bulb, so that 
the CS, may be spread over the sides of the jar. Place the jar 
before the open box containing the bulb of mixeil H and CI. 
Siar-d beMnaihe ha, and removing the glass plate that covers the 
jar, apply a Ijighted taper ; the mixture will bm:n with a, bine 
flame rich, in chemical raya, which will cause tiie H and CI in 
the bulb to combine with a loud crack, breaking the glass, 
white fumes heina produced from the hydrochloric acid gas dis- 
solving in the moisture of the air. 

64. Hydiochloric acid is prepared by gently heating 
sodic chloride (common salt) with sulphuric acid, diluted 
previously with a small q^uantity of water. lie Bodio 
chloride ia decomposed and also the acid, one half the 
Lydroxyl of the latter being replaced by eodosy], forming 
hydric eodio sulphate, which dissolves ; the other half of 
the hydrogen combining with the chlorine of the common 

HaCl -H SOiHo, = SOiHoNao + HCl. 
;. Into an 8-oz. flask fitted with a funnel and delivery- 
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mixed with an et[Ual quantity of water. Heat geutly oa a saud- 
bath ; a colourless gas will come off, which beiug rather heavier 
than air, may Lie collected by dieplaceineut as in the case of chlorine- 
It cannot be collected over water on account of its 
great soIubOity, but it may be over mercury, tbougb it 
is not advisable, as the gas, wbicb is very irritating to the 
eyes, is apt to escape, and the experiment is somewhat 
too difficult for a young student to managa 

Exp, S. Collect two small cylinders of the gas, and into one jar 
plnnga a lighted taper; it will be extinguished. A blue litmua 
paper will be turned red, showing the gas to have acid pro- 
jiertiea. 

Exp. i. Invert the second jar under 
ivater, which may contain a small quan- 
tity of infusion of litmus. Kemove the 
greased plate, and the water will rusli 
violently up the jar, dissolving the gas 
completely, and turning the lilmns red. 
To perform this experiment well, the gas 
should be dried by passing through a 
desaicatinf; bottle containing sulphuric 
add, or through a tnbe containing chlo- 
ride of calcium (see Fig. 15, p. 46). 

Should any be collected over pj~ gi. 

mercury, it must first be dried for 

the latter experiment, and then a piece of ice may be 
inserted under .the jar, water even in the solid form ab- 
orbing the gas. 

The following experiment shows the sohibility of the 
gas in a striking manner ; — 

Exp. 5. Collect a jar of dry HCl myer mercmy, and then pour 
some water into the vessel. Raise the jar out of the mercury into 
the wal«r— the latter will rush up and fill the jar {Fig. 31). 

A- glass tube, with a stout bulb at the end, may be 
used for showing the solubility of the gas. This being 
filled with the dried gas, should be inserted in a little 
cup of mercury, which sho\dd then be put into a vessel 
of water ; the tube being raised above the mercury, the 
water will rush up with great violence. "Water dissolves 
480 times its volume of the gas, the solution being 
increased by about J in bult, with a specific gravity of 
1'2 compared with water. 
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es. Hydrochloric acid converts certain metals, metallic 
oxides, and hydrates, into salts called chlorides. Indeed, 
it may be considered as a salt of Jiydrogen, and is hence 
frequently c^ed hydric chloride. The salts derived 
from it by the substitution of a metal for hydrogen being 
called haloid salts, to distinguish them from those con- 
taining oxygen. 

Thus, Zn, Ee, Mg, and A}, are dissolved by Hcl, 
liherating hydrogen and forming chlorides. And here 
the knowledge of atomicity becomes valuable, enabling 
the student to know how many atoms of hydrogen can 
be replaced by the met^, and hen«e Low many molecules 
of the acid are reqviired. The dash on the left of the 
symbol for aluminium shows the latent bond. 
Mg," 4- 4HC1 = SMgCl, + 2Hi 
'Al,'" + 6HC1 = j !^{!"[?,' -i- 3H, 

The dried gas passed over the metals potassium and 
sodium in Chap. ~V. acted in the same manner (see also 
Chaps. TIL and VHX). 

Some metals are but slightly attacked by this acid 
when cold, as Pb, Ag, Ou, Bi, Sb, and the metal tin only 
with difficulty even in boiling acid. 

Ecp. e. Put a little cuprio oxide (black oside of copper} into ii 
teat-tube, and pour upon it some strong HCl. Gently heat it, a 
green solution of cnpric chloride will he the result. The drieil 
gas may be passed over it iu a hard glass tube heated by a Bnnseii 
ttame, with the same result. 

CuO -I- 2HC1 = OuCl, + OH, 

The oxides of zinc and mercory act in a similar 
manner. 

Exp, 7. Mate a solution of aodic orpotaasic hydrate in a beakoi'. 
and add a solution of HCl drop by drop to it till it neither turns 
a reddened litmus paper blue, nor a blue one red. The solution 
will be neutral and havu a saline laste. If soma of it be evapo- 
rated slowly, crystals of sodie or notassic chloride will be formed. 
NaHo + HCl = TTaCl + OH, 

Baric and calcic chlorides may be prepared from their 
correspcmding hydrates in the same manner ; water being 
a secondary product in all cases. 

CaHoj + 2HC1 = CaCJ, + 20H, 
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All cMorides biit those of Pb, Ag, and Hg, are soluble 
in ■water, the former of these being soluble in boiling 
water, and AgOl in ammonia. 

The test for chlorides in solution is argentic nitrate 
KojAgo (nitrate of silver). The strongest solution 
contains about 40 per cent, of acid. If tiis be heated, 
the gas is liberated till the density becomes I'l, "when 
both aeid and irater distil over at lOG^C unchaaged. A 
weaker acid loses water till its density is I'l (containing 
only about 20 per cent of gas), and then at 106°(y 
behaves aa above. The strength of a solution can bo 
teat«d by the hydrometer. 

To prepare a solution of the gas for laboratoiy pur- 
poses, it is passed through a series of three or four WoiiLfTs 
bottles half-filled with distilled water. The delivery 
tubes must only just touch the surface of the water, as 
the gas is absorbed with great avidity, and the bottles 
must be furnished with safety tubes. (See preparation of 
Chlorine.) 

The first bottle retains any sodic chloride or sul])huric 
acid that might have been carried over mechanically, 
and the water in the other bottles become successively 
saturated with the gas. 

Cast-ii\)u cylinders lined with fire-clay heated in a 
fumaee, and earthenware bottles, are used in its prepara- 
tion on the huge scale. The crude acid obtained in this 
way is often yellow from the iron of the retorts in the 
form oi ferric chloride; arsenic, as arsenious chloride, is 
also present sometimes from the impure sulphuric acid 
used. K SOjHoa he present, the addition of a solution 
of larixi chhrlde produces a white turbidity (a precipitato 
-pp.). Arsenic gives a yellow colouration or pp. with 
sulphuretted hydrogen ; and the addition of a solution of 
ferrocyanide of potassium gives a pp. of prussian blue if 
ferric chloride be present. When pure, the solution 
should be perfectly colourle^, and give no pp. with the 
above reagents. 

Hydrochloric acid is obtained as a by-product in the 



h. Google 



84 PBACTIOAL OHBMieTKT. 

majiiifacture of carbonate of soda from common salt 
The aodic chloride is put into a reverberatory furnace, 
and oil of vitriol is poured upon it through a funnel 
opening in the roof. The flames play over a bridge upon 
the materials, and in consequence of the great heat 
obtained, the whole of the hydrogen of the acid com- 
bines with the chlorine, or the whole of the hydroxyl 
is exchanged for sodoxyl, forming the neutral sulphate 
of soda. In consequence of this, one half the quantity 
of acid only has to he used, as in the following equation : 

2 NaCl + SOjHoj = SO,Nao, + 2HCI 
Tormerly, torrents of Oie gas escaped as a waste product 
from the chimneys of the manufactories in the North of 
England, poisoning the neighbourhoods where they were 



It is now conveyed, into towers filled with coke, down 
which a stream of water constantly trickles aoid dissolves 
the gas. The towers are connected with the chimney to 
produce a dntught. A solution is obtained in this way, 
which is used in the preparation of chlorine in the 
manufacture of bleaching powder ("chloride of lime"). 
^S'«a Chap, Xni. 



CHAPTER XL 



68. Oxygen is a dyad element. It is very abundant 
in nature, forming I- of the weight of watei-. It forms 
also ^ of the volume of the atmosphere, the i-emainder 
being principally nitrogen, with which it forma a me- 
chanical mixture. It forms also about ^ of the solid 
crust of the globe, being found as a constituent of such 
minerals as lime, quartz, clay, as well as in combination 
with various metals as oxides. 

It has already been obtained from water by the action 
of the electric current (see Chap. TI.). It can also 
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be obtained by chemical means aa stated in Sip. 10 of 
the present chapter. 

It may be aJwtracted from the air by keeping mercury 
near its boiling point for several hoiira. The red powder 
thuH obtained when heated to about 400° gives up its 
oxygen again, so that this is a means of obtaining oxygen 
fi-om air, A molecule of HgO {mercuric oxide), or 216 
parta by weight, yielding 200 parts by weight of mei-- 
cury, and IG of oxygen, which are the relative weights of 
the atoms of these elements. Or, to express the decom- 
poaition by a molecular equation, so that a molecule of 
oxygen should be liberated, 

2 HgO = Hfo + 0, 

.Ecp. 1. Heat a small qaantity of mercuric oxide in a test-tuljc or 
bit of hard glass in the Bunsen flame. Adapt a delivery-tnlia 
no that the gas may he collected at the pneumatic trough. A 
mirror will appear round the aide of the tube, which will be found 
to eoDsist of globules of metallie mercury, and a colonrlesa gas 
will come off which may he collected iu a test-tube as tistial. 

riuDge a Rowing splinter into the gas, it will be rekindled. 
The gas is oxygen. 

Ai^entic oxide may be used, but it requires greater 
heat to decompose it — that of a Herepath's blow-pipe for 
instanca Oxygen will be given off and a button of silver 
will be left. 

2 OAg, = 2 Ag, t Oj 
Both the latter methods are, however, expensive, and 
therefore other materials must be resorted to where any 
quantity of the gas is required. 

The minei'al pyroluaite, bliick or dioxide of manganese, 
used in obtaining chlorine from HCJ, Chap, IX., gives wp 
one-third of its oxygen when heated, but the experiment 
requires to be done in an iron bottle. Another compoiuiil 
of manganese and oxygen being produced, similar to that 
of iron, by the passage of steam over it as in Fa^. 12, 
Chap. Vni. It is called the trimanganic tetroxide. 

S MnOj = Mdj Oj + O, 
If it be heated with sulphuric acid, it gives up one-half 
its oxygen, and sulphate of mttnganeae ia formed. 
lIuO, + SOjHo, = SOjMno" -f O, -i- OHj 
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Sxp. 2. Tut a smiill quantity of diy powdei'ed mflii^aiiio clio>:i[l>! 
into a teat-tube, nuil pour sufficient Blrong aulphurie Mid on it 
to thoroughly wet it. Jfeal euviitmsly. Oxygen gaa will come oft', 
which may be tested hy a glowing aplint 

The salt called potas^c chlorate (chlorate of potash) is 
the most convenient source of oxygen in the laboratory. 
Some of it ahould be fli'st pnt into an evaporating dish 
amd heated. The salt will melt, and the water held iii 
the ci-ystals will bo given up. It hardens on cooling, 
and should then be pulverised in a mortar, 

7 he either \ised alone, or it may be mixed with 
about one-third of its weight 
of manganic or cupric oxides 
(powdei-ed glass or sand wil! 
do) ; the gas comes off at a 
lower temperatui-e, but is 
not quite so pure. The man- 
ganic dioxide appears to be 
iinaltered at the endof theex- 
is to attract 
e oxygen from the chlor- 
nte, with which it cannot how- 
„.^ „. over combine, and thus assists 

*"' the repulsive action of heat. 

The three utoms of oyygen in t±ie potaasic chlorate are 
aU given off in either case, as one of them cannot exist 
alone, hence two molecnlea ai'e used in the graphic and 
symhoiic equations below. 

-oil 




J lo-oj 



Symkilic (better method) 2 < - 2 ECl -^ 3 0» 

(ok 

Potassic perchlorate is, however, first formed {set 
Chap. Xin.), and this again is decomposed into potassii 
chloride and oxygen. 
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(Potassio CUorate) 2 aO,Ko - CIO5K0 + Ka + 0, 
Then ClO,Ko - ECU- 20j 
ep. 3. Pat some of the mbitum (aold as oxygen mixi 
".""", » adr; " 
with a delireiy-tube for collecting the gas in 
pnennmtic trough {Fig. 31-o). 
The residue Mt in the flaalc should he allowed to cool, and 



C^ 



latge filter. The filtrata will contain the KCI, which is of no ser- 
vice, hut tlie hlacfc residue on the filter MnO„ may he well dried 
and used again. 

For storing large quantitiea oi 
such gaaes ae oxygen and hydro- 
gen a gas-holder is very useful. 
One called Pepy's is shown in 
Fig. 32. 

It consists of two cylinders, A 
and B, made of zinc, connected 
with each other by two tubes. 
One of these, a, passes nearly to 
the bottom of IJie lower cylin- 
der, the other 6, just through 
its upper part. There is also a 
third bent tube c pa-iising ont of 
the top of the lower cylinder, 
to which a flexible tube can be 
attached. These are all furnished 
with etopcocka. A tube passes 
out obliquely from the bottom 
of the lower cylinder, which can 
be closed by a screw plug p. To 
use the gas-holder, it is placed 
over a sink, or tub, as in Fig. 32. 
The plug is 
teps of a, 




Fig. 32. 



are opened, 
poured into the upper cylinder or funnel A, 
down a and b, filling the lower cylinder B, the 

iur coming ont at c, and the height of ihs water being 

shown by the gauge d. 
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"WLen the lower cylinder is filled witli watef, the 
stopcocks a, h, and c are closed, and the screw plug taken 
out, the ■water being kept in the cylinder by the pressiu-o 
of the atmosphere. The gas delivery-tube is inserted 
at^, and the gas rises to the top of B, driving out the 
water at p into the tub. 

When full of gas, the plug is screwed in, and water 
poured into the funnel A. The stopcock h is opened to 
allow water to flow into E to press out the gas. Jars of 
gas may be filled at A as in a pneumatic trough by open- 
ing the stopcock h, or a flexible tube may bo attached to 
e. Water m«at of course be continually poured into A 
to keep up the pressure in B, and the latter will be full of 
water as ahown by d when all the gas has been used. 

Havidg collected several jars of the gas either from the 
gas-holder or at the pneumatic trough in the iisual way, 
try the following experiments :— 

Ea^. i. Plunge apiece of email w»x taper 
stnok OB the end ofa wire passing througli 
IV card into a jar of oxygen. It will burn 
very fiercely till sll M consumed. Cover 
the jar with a glass plate for further ex- 
amination. 

Es^. 6. Wind a piece of wire passed 
throngh a card round a piece of charcoal, 
taken from the bark. Heat it to redness 
m the Bunsen fiame, and plunge it into 
a wide gas jar; it will biuTi with beautiful 
somtillations, ai eolourleaa gas being the 
result Cover tliia and put it aside for 
further examiaation also. 

Eep 6 Pnt a small piece of Sulphur 
mta a defli«rating spoon run throngli a 
bit of card or attached to a brosa flanga Melt the sulphur and 
it will inflame. Plunge it into another bell jar of oxygen. It 
will burn with a beautiful bine flame, producing a colourless gas 
with a pungent odour. Cover and put aside. 

J&p. 7. Inflame a small chip of phosphoma in a deflagrating 
ladle, and plunge into a bell-jar of osygen. It will burn brilliantly, 
a dense white vapour being formed, wliich itself takes fire, and 
makes the light of dazzling brilliancy. Cover and pnt aside. 

.Ecp. 8. Make a spiral of very fine iron wire by coiling it round 
a pencil. Pass it through a card. Pnt a tit of German tinder on 
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tlie eud of it and light it, or dip it into niiiUed sulphw. Plunge 
it into a bottle of the gas. Beautifnl scintillations will be tlirowii 
off, consisting of the iron combined with oxygen, which often fuse 
into and crack the glass, hence a little water should be left in tliu 
bottom, A piece of watoh-Epring, first heatecl to redness to soften 
it, and then plunged in quickly whilst red-hot, may be substituted 

.Sep. 8. Melt a bit of eodium in the deflagrating ladle, whieh 
should first be cleaned and dried. It will take fire, and when 
plunged into oijgen, will bum more brilliantly, with an intensely 
yellow flame. 

Turning to the results of these experiments, we find ; 

£Kps. 4 and 5. A colourless gas in both cases. Test 
with a lighted paper, the gas ■will extinguish it. Pour in 
some lime-water to each, it will he turned milky. The 
result of burning the taper or charcoal iu oxygen was to 
produce a gas called carbonic acid gas, COj, which com- 
bines with the lime, and forma chalk or ca;rbonate of lim p 
(calcic carbonate, COCao"). 

Eay). 6. Put into this jar a moistened blue litmus 
paper, it will bo turned red, the gas formed by the com- 
bination of sulphur and oxygen having .acid properties. 
It is called sulphurous anhydride, SOj. 

Exp. 7. . The white vapour wilt be found to have dis- 
solved in the water on the aidca of the jar. A blue lit- 
mus paper in this inatance too will be reddened The 
white substance formed was phosphoric anhydride, PjOj, 
which, dissolved in water, formed phosphoric acid. 
P,Oj + 30H, = SPOHoj 

In Eaq>s. 8 and 9, the metala, iron and sodium, com- 
bined with oxygen, fonning two of a class of solid bodies 
without acid properties, called oxides. In the first case, 
the triferric tetroxidc (magnetic oxide of iron), T'e^O^, 
and in the second, sodic oxide, Na^O, were produced. 

67. Many other metals, when exposed to air or oxygen, 
are converted into oxides, or, in olJier words, mgt. Zinc 
and iron do so at the ordinary temperature, fo rmin g ZnO 
and FejOj (sesquioxido of iron) ; copper does so at a i^ed 
heat ; whilst gold and platinum do not oxidise at the 
most intense heat. 
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A stream of oxygen from the gaB-holder, or a bladder 
filled with the gag, in which a tobacco pipe hae been, 
inserted, made to play upon a piece of watch-spring 
whilst ignited at the Bimsen flame, gives rise to a 
brilliant combustion. Such effects, however, are usually 
obtained by the oxyhydrogen blow-pipe, and are more 
fitted for the lecture table. A stream of oxygen ia 
made to mix beforehand with a stream of hydrogen 
or coal gas, and the two are burned at a jet, a very 
small but very hot flame being the reeul^ in which 
case, iron, and even platinum, can bo melted, the former 
with beautiful scintillationa, producing FcgO^ ; the latter, 
however, being unchanged on cooling. The mixed gases 
made to impinge on a cylinder of lime give rise to the 
intense limelight. 

68. Oxygen may he obtained tmm water, through the 
agency of chlorine, on account of the great affinity of 
the hydrogen for chlorine. When steam and chlorine 
are passed through a iiorcehhi. tube heated to redness in 
a furnace, HCI is formed, and oxygen is set free, as seen 
ill the annexed ligiire. 




Tig. 34. 



Exp. 10. An'ange a flask for generating cliloriiM!, as in Cliap. IX., 
£xp. 2. Let the delivery-tube from tnia pass into tho water of 
a second flask, in wMch eteam ia being generated (Fig. 34), 
The moist chlorine should pasa through a Wonlff'a bottle, wheie 
any superfluous water may condense, to prevent the cracking of 
the porcelain tube. The fiydrogen will combine with the chlorine 
in the red-hot tube, and the hydrochloric acid formed will be 
absorbed by the water in the pneumatic trough, and the oxygen 
may be collected in a receiver. 

Oxygen is taken away, or, in other words, de-OXldatiOQ 
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or ledsction takes place, when a stream of hydrogen, fi-oui 
a generating flaak or a gas-Lolder ia passed over heated 
enpric oxide. The experiment may be performed by 
putting some of the dried CuO in a hard glass tube, and 
heating -with the Buuaen flame or Hei-epadi's blow-pipe. 
The teat for oxygen is nitric oxida 

Exp. 11. Paas bubblea of nitric oxide (prepared in tha way de- 
BOribed itt Exp. 12, Chap. XVJI.) into osygen. Red fiimea are 
prodaced. 

69. Ozone is a modification of oxygen, first discovered 
by Schonbeiii, and so named by him irom ita odour. The 
peculiar smell of the air near an electric machine in 
action, or during a. thunderstorm, ia due to a part of the 
oxygen being conTeri«d into ozone. It is condensed 
oxygen, three atoms of oxygen being squeezed into the 
space of two to form the molecTile. 

Etrp. 12. Put a stick of phosphorus into a. bottle containing a 
little water, and let it remain for some hours. Ozone will be 
prodnced. Pass a strip of paper through some starch-paste, and 
then through a solution of potassio iodide. Dip it into the jar, 
the iodine will be set free, and oolonr tha starch-paper blue. 
6KI -V 0, -i- 80H, = 60KH + 31, 

Es^. 13. Pour BoniH strong eulphuric acid into a beaker contain- 
ing a solution of permanganate of potash. Osjgen, in the etote 
of oaone, will be immediately set free. Apply the starch-paper 
tesl^ as hefore. 

In the electric decomposition of water, the oxygen ia 
in the state of ozone, and it may be readily obtained by 
the electrolysis of dilute sulphuric acid and chromic acid. 
It haa also been obtained, by Siemens, by an induction 
arrangement 

Ozone IS i powerfd oxidismg agent aiher ml mer- 
cury are corroded by it it the ordinary temperature, 
and so are suhstancea like cork inl cwutihouc It is 
insoluble m wttei but it -in completely abaori>ed by oil 
of turpentine It is deeomjosed slowlj at 100°C and 
rapidly at 3 iO°C letumms to it'! former volume 

The starch test named ahty\ e is not, howe\ er, ^ ery reli- 
able, as strong acida act in the same manner : — 
4KI -V IHCl = 4HI -f- 4KC1 
and IHI -i- 0, = 20H,+ 21, 
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HydrocMorio and sulphuric acids f 
buned ia the air of towns ; eountty air, and especially 
that near tiie sea, h'is however, the same effect, liberating 
iodine irom the iodized starch piper, and such air cannot 
lie supposed to cnntain these eases. 



Oxygen ia c lourle??, transparent, inodorous, and 
tasteless. It is rather moi e soluhle in water than hydro- 
gen, at 0°0 it dissolves about i per cent, of the gas. 

It ia from the ozygea dissolved in water that fishes 
obtain the means of aerating their blood. It enters into 
combination with a large niunber of bodies producing 
oxidation, in the case of the metals forming a class of 
bodies called oxides. It i« the source of combustion in 
air, ofwhich it forms J of the volume. It is rather heavier 
thaufur, being as 1'1056 to 1, and 16 times the weight of 
H-— a litre weighing 0896 x 16, or 1-4436 grams. It is 
usually obtained from manganic oxide or chlorate of 
potash. The former gives up one-third of its oxygen by 
heat alone, and one-half when heated with sulphuric aeiA 
Potassic elJorate gives up all its oxygen when heated. 

It is well for the student to practise himself with cal- 
cvdafiona on the quantity of materials required to pro- 
duce a certain volume of gas, to find the weight of such 
volumes, and of the secondary products. Examples of 
these are given below, and a few others will be given 
hereafter. 

1. 'What quantity of osygeii liy wtiglit, and also by volume, can 
lie ol]taiiied by the decomposition of 100 grams of potassic chloratp, 
C10,Ko(Kao^J 

Here a. molecule of KQO, would weigh S9-t-3E-B+48 (16 x 3) 
= 122 '5, which would furnish 48 parta by weight of oxygen. 

Hence, to find how mnch 100 grams would produce : 
As 122-5; 100;: 48; 
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- = 8100 -65 = 124-6 grams. 



weight of KClOp by the weight of a litre, it will give tlie volume 
In litres. 

U.. 38-18 + 1-1338 = 27-33 litrre. 

2. How mucli zincic oxide, ZiiO, cau te oltiiiiied by tlic oxida- 
tion of 100 grams of zinef 

Hara the atomic weight of zine being 65, and oiysai 16, Iho 
molecule of ZnO would weigh 65 + 16, or 81. 
Then, as 65 : 100 : ; 81 ; 
^^ Six 100 _ 
' '65 

3. A stream of dry hydrogen being puased over 300 grams cf 
cnpric oiide (OuO) heated to redness in o, hard glass tube, how 
much metallic copper would be left, and whst weight of wnlcv 
would be formed ? 

CnO + H, = OH, + Cn. 
That is, a molecule of CuO and a molecule of liydrogen would 
produce a molecule of water and leave an atom of Cn — te., 
6S-5-t-10, or 79-5 CuO and 3H = 16 + 2 (or 18) of water + 63-5 Cu. 
Hence as 79*5 ; lOO : : 63'5 : 79*87 copper. 
And as VS-5 ; 100 : : 18 : 23'64 water. 
i. What weight and volume of catbonio acid gas would be pro- 
duced by burning 5 gtama ot carbon in oijgen goa ! 

Iti this case, one atom of C weighing 12 combines with two 
atoms of weighing 32, producing a molecule of CO, weighing 14, 
This molecule is two yoluuies. Hence, 1 volumB=22; and in 
grams, 1 litre would weigh -0898x22, or 1 9712 grams. Hence to 
Bnd the weight. 

As 12 : 5 : : 44, or y*g of 44 = 18-3 grams. 



CHAPTEK. XII. 

OXTOEN OOMPOTTNIiS WITH HyDHOGES, WATEn, ASD HVBROXYL. 

70. Oxygen forms two compounds with hydrogen; water, 
and hydrosyl, their graphic and symbolic formulie being 
given below : 

Water, H— O— H or OH, 
Hydroxyl, H— 0— O— H or j ^^ or Ho, or H,0, 
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71. Water is very widely diffuaeiJ. It always exists in 
the air in an invisible state, and givea the blue appear- 
ance to tlie aty, and becomea Tiaible in tlie form of 
clouds. It forms a constituent of all animal and vege- 
table substances, and of many minerals. It is also formed 
in a variety of chemical processes as a secondary product. 

The composition of water ■was first determined by 
Cavendish, who exploded a mixture of two volumes of 
hydrogen with one of oxygen in a stout glass tube by 
means of the electric spark, watery vapom being the 
i-esult, which condensed on the aides of the tube. A 
more exact method, by which the resulting volume can 
be ascertained, is to enclose a stout tube containing the 
mixture in a jacket or outer tube in which the vapour 
of boiling analine is conveyed. This pi-eventa the re- 
sulting water gas from condensing, and it is thus found 
to contract to two-thirds the original volume. 

1 volume of oiygen or by weight = 16 

2 volumes of hydrogen ,, H = 2 

= 2 volumes of water gas OH = 18 

SUp. 1. Fill a eudiometer with mercury, and let it rest ou a 
caoutchouc pad iu a trough of mereury, supporting it by tlie 
wooden vice. Fig. ?, or a clip attached to tie retort stand. Intro- 
duce 180 c.c. of liydtogen, and afterwards 90 o.c. of ojsygcn 
(never more than about half fill the eudiometer). Grasp it 
iiraily by the band, pressing it down npon the india-rubber pad, 
and pass a spark through the mixture by means of an indueHon 
coU or Leydeu jar. A flash will pass through tlie nUKture, and 
sudden expansion will iirst take place from the heat produced by 
the combination. When cool, the gas will be found to occupy 
130 C.C., showing that 3 vols, have contracted to 2. The gus 
will, iiowever, soon condense on the sides of the tube, aud tliB 
mercury will lise. 

In the bent eudiometer the thumb is held at the opsn end, 
and acts as a buffer. 

The composition of water may be determined by taking 
any quantity of each gas, as in the following example : 
Inti-«iiiced 8-5 c.c. of oxygen, then 19-9 cc, or rather 
more than double the volume of hydrogen. This gave 
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28'4 e.c. Exploded and allowed to condenao, 2-9 c.c. 
remained, ■whleli proved to lie Iiydrogen. Then 38*4 — . 
2'3 = 25'5, of wtioh =^ was O and J H. Hence, 17 c,c. 




of hydrogen, combined witli 8'5 c.c. of oxygen, or in tlie 
proportion of 2 to 1. 

From its oompoaition by weight the percentage com- 
jiOBition of watei' can easily be found, thna ; 
As 18 : 100 : : 2 ; 11 11 on.jdrogeii. 
Ajid 18 : 100 ; ! 18 : 88-99 of oxygen. 

Its decomposition by the electric current has been 
explained in Chap. VI., and its composition has been 
determined also by the experiments in Chape. V. and TJ. 

Water is formed when a jet of hydi'ogen is burnt in 
oxygen or in aii-. It 
is also formed with 
other prodncts when 
tallow, wax, gas, etc., 
are bnmt, and also 
in the combustion of 



lends into a glaas tutio ^E^ 36. 

Riirronndud by another tube containing ivat«i- (a ivj 
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Licbig's condenser may be nsed for tlie pui'poae, liaring a wide- 
inouthed test-tube attaelied to the other end oontainiiig a little 
Hme-waUr; water wiU condeEse in the test-lube, and COj will bIho 
be formed, which npen Mitatioii will turu the lime-water milky. 

A beaker held over a flame will show tlie same result, but nof 
quite so well. 

The action of water upon metallic oxides ia Bometimea 
very energetic. This is well seen in the slaking of lime. 

Er^, 3. Get a bit of quick lime, put it on a plate and pour a 
little wat«r on it, it hisses and steam issues from it, the masa 
cracking from the eipansion produced by the heat of the chemical 
action. A thermometer inserted into the mass millshow the tem- 
perature of boiling water. 

CaO + OH, = CaHo, 

72, Ctllcio hydrate is produced. Some of it may he put 
into a large bottle, which may be filled with cold dis- 
tilled water and thoroughly shaken. A part of the lime 
will dissolve, forming lime-uxiter, the rest will fell to the 
bottom as milk or cream of lime, which may be dis- 
solved hereafter. 200 parte of water diasolve only one 
part of lime. The solution should be kept still, and will 
be perfectly clear. Should it go turbid, it muat he 
filtered before use. 

Water tmnsforms anhydrides into acids, aa 
N,Oj -I- OH, = 2 HOJIo 
SO, + OH, ^ SO.IIo, 
PjO, -[- S OH, = 2 POHo, 

"Water also forms an important constituent of the 
molecules of certain crystala, which fall to powder when 
this water ia driven off by heat. Such are the alums, 
■which erysfcallisB with ^iGH.^, and sulphate and nitrate 
of copper, which crystallises the former with 50Hj, and 
the latter with 30H,. 

Some salts lose water on exposure to the air, or 
ejhresce, as carbonate of soda. Others, again, absorb 
moisture from the air, and become wet — deliquesce (go 
to water) — as carbonate of potash, calcic, Hodic, and mag- 
nesic chloiides. 

"Water has great solvent powers. The solution of 
solids ia usually inci-eased by heat, but a solution satu- 



h. Google 



11 a crystal- 

Mxp. 4. Dissolie some acetate of lead in a test-tube, add a few 
dropa of HCi ; a white pp. wiU fail of chloride of iead. Add 
water, and boil, the pp. masolves, but upon cooling, by plunging 
the test-tnbe into cold water, the plumbic chloride will separate 
ngain in a cryBtalline state. 

Water on solidifying gives out the same quantity of 
heat that ice absorbs on melting. A parallel case in the 
crystalliaation of sulphate of soda may be bere intro- 
duced. 

Mxp. G. DisEOlve la i 1 oz flaek as much iiul^ihate of sodn 
{SOjNao,, lOOiy as the water will take up when boiling. If 
the Bolntiou be now torked and kept perfectJy still, it wiliofteu 
remain for days without crrstallislng. But if a crystal or the 
point of a glasa rod lie introduced, or the liquid be even shaken, 
crystals will shoot through the liiju d and the mass will become 
solid — heat being given out 

On the other band, Vy diasjlving tbia salt in cold 
■water, heat ia absti uted. Un this principle tbe for- 
mation of freezing mixtures depends. Tbe following 
are a few examples of audi :— 



Wiinonr Io«. 


bi 


nS^. 


w.„,... 


n 
1) 


WCKD, 


Water, . 
DUnte nitric =cid, 


1} 


WlolB'C 


BnowDTCTDShed ice, 
Common alt, . 

Cblurlde calcinm, '. 


si°c 



On account of its solvent powers, water is never found 
perfectly pure in nature. Thus, although water evapo- 
rated from seas and rivers may be so, as it descends in 
rain it dissolves gases and solids in the air, and when 
it percolates through tbe soil, solida of various kinds are 
dissolved or held in suspension. Hence the water of 
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our springs .contains troia. 5 to 20 grains of solid matter 
in the gallon. This gives rise to the term mineral 
loaters. Some of the calcareous springs neai' Ijondon 
contain as much as 18 or 20 grains of chalk to the 
gallon, or '028 of a gram to a litre. This chalk is held 
in solution by the caxhonic acid gas ■which the ■water 
contains, and causes such water to be ha/rd, making it 
difficult to form a lather with soap. The hardneaa, 
howeyer, of such ■water is only temporary, as it may be 
i-emoved by boiling, by long exposure to the air, or by 
the addition of carbonate of soda. Other waters which 
contain sulphatea axe permanently hard, and this hard- 
ness cannot be removed, 

73. We have waters also holding salta'of iron in solu- 
tion, caUeii chali/beafe, and many others. 

Besides the substances dissolved in water, there are 
t'wo other kinds of impurities. 

1. Mineral aubstcmcea held in suspension, which can be 
i-emoved by filtration. 

2. Orga/nie awhstaneea cither dissolved or held in sus- 
pension, the former not being capable of removal. 

Perfectly pure water corrodes lead, but ■water contain- 
ing carbonic acid acts aa a preservative. Water has 
several remarkable properties, which can only be slightly 
touched upon here. 

Its point of greatest density ia about 4*0, or rather 
above the freezing point. As it gets colder it expands, 
so that ice occupies more space than the water did before 
freezing. If this ■were not so, our lakes and ponds would 
become solid massea of ice in ■winter, and all living things 
in them would die. 

Ex^. 6. Pat Home water ia a large t«5t-tiibe surrounded by ice 
in a basin, and put tlie bulb of a thermometer into it. Jha 
water will fall gradually in the tube till just aboTe the freezing 
point, when it will again expand and rise. 

Water has a very high yiecijic Iteat, that is, it requires 
a lai^ amount of heat to raise a certain quantity through 
a certain number of degrees. 

Exp. 7 (a). Mis equal weights of hot and cold water in two 
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beakera, marking the temp, of eacli. The miiture will be the 
m£an of the two. 

(i). Again, mis equal weights of cold water und hot meromy, 
marking the t*mp. of each as before. The water will require so 
much heat to raise its temp, tiat the result will be leas tiwtt the 

(c). Thirdly, mix equal weights of cold mercury and hot water, 
the temperature will be greater than the meim of the two. 

The latent heat of water ia also very high ie., 79° 0. 
That is, the amount of heat required to melt a certain 
weight of ice, would he sufficient to raise the temperatvire 
of i£e same w eight of water 79° C. 

E^ 8 Put som» crashed, ice or snow into a beaker, and insert 
the hulb of a. thermometer. Heat the beaker over a sand-baUi 
or wire gauze, wiping off the condensed moisture from time to 
time The mercniy will ba found to stand at the freezing point 
till all the ice is melted, the tfater having absorbed or rendered 
laieal the heat supplied It ia this latent heat that is giren out 
when water iolidihps 

"Water toils at the level of the sea at 100" C or 
200°F; but if the pressure l]e reduced, ehullition takes 
place at a lower temperature. 

74. The other compound of oxygen with hydrogen ia 
Hydroxyl, a Tiody of gi-eat theoretical interest to the 
chemist, aa it occurs in all the oxy-acids. Ita formula 

and the semi-molecide or atom Ho. It ia hence a monad 
radical, and is capable of being replaced by Nao, 
Ko, and its molecule by the dyad radicals Zno", Cao", 
etc. It was known formerly as oxygenated water, or 
peroxide of hydrogen. It can be prepared by passing a 
current of carbonic acid gas through water containing 
baric peroxide EaOg. Baric carbonate is produced, and 
the atom of oxygen liberated combines with the water. 
I QBa" + COj + OH, = COBao" + j qh "'^ ^,0, or HOj 
It may also be pi-epared by adding HCI to the water 
in which the baric peroxide is suspended, afterwards 
adding cautiously siilphuric acid to throw down the 
barium as Bulphate. 



V but abbreviated the molecide is written Hoo, 
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BflO, + OH, + 2HC1 = BaCL + OH, + H.O. 
Then BaCi, + SOaHo, = SOjBao" + 2HCI 
Hydtoxyl ia a eolourlesa liquid of syrupy consistence, 
and prepared in either of the above way^ appears as a 
heavy liquid distinct from the water. It has an odoiu' 
something like that of chlorine. Its sp. gr. is 1'5. It 
must be concentrated by evajwrating OTcr sulphujic aeid 
under the receiver of the air-pump. A solution of it 
may be purchased at 372 Oxford Street, London, and 
no doubt at other places, being used as medicine under 
the name of peroxide of hydrogen. 

Mcp. 9. HesJt some of the solution of liydroxyl in i t«st-tube, 
OiygBn la evolved, whieli will rekindle a glowiug splinter. 

^^. 10. Blacken a lead paper with sulphuretted hydrogen anil 
put in the eolntioii ; it will be bleached. Cleun also Eome dis- 
coloured wMte paint with the solution. It is an unstable com- 
pound, and a, powerful oxidising agent. It is used on this 
acconnt for cleaning oil paintings. 

PbS + 4Hoi = SOjPbo" + 4H0, 
Metallic silver is oxidised by it, but if argentic oxide 
be suspended in water, and hydroxyl added, both are de- 
composed. 

Ag,0 + HjO, - Agj 4- OH, + O, 
It liberates iodine from potossic iodida 
2KI -I- H,0, = 20KH + HI, 
Hydroxyl is transformed to water by the action of 
nascent hydrogen (that is, just as it is generated). 

Era. 11. Generate a little hydrogen in a test-tube by the action 
of diUite HGl on zine. Add some of the solution of hydroxyl, the 
evolution of gas ceaaea. The same takes place when HjO, is added 
to the yoltanietcp in the electric decomposition of water. Hy- 
drogen ceases to be given off. 

SO^o, + Zq -^ ll,0a = 80jZno"+20il, 



CHAPTER XIIL 

CoMPOUNi>3 OF Chlorine with Oxygen anb HvDr.oxYL, 

75. Chlorine and oxygen do not combine directly with 
each other, and compounds of these elements are therefoi-e 
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only obtained by indirect means. They are, moreover, 
very wnstabk, many of tJiem decomposing at low tempe- 
ratures with explosion. The author would refer to Dr 
Frankland's Ijecture Notes for a complete list of these 
compounds, as many of them are only of theoretical im- 
poilance, and a mere description of them would be 
beyond the scope of this elementajy treatise. The oxides 
or anhydrides are converted into acids by the substitu- 
tion of an atom of H, or the monad radical hydroxyl, 
(Ho) for an atom of chlorine. Thus hypochlorous anhy- 
dride CI - - CI or OClj by substitution of an atom 
of H becomes hypochlorous acid, CI — O — ■ H or ClHo 
(OCIH). This is elfected by tihe action of water upon 
these bodies, as will he seen below. 

.Ecp. J. Pas3 dry chloiinB gas (dried by chloride of calcium) 
tlirough a, tube about six incnea long containing merenrio oxide, 
which, miiat be kept cool. Connect this with a test tube sar- 
rounded by a freezing mixture (ice and salt), a yellowish plaa will 
pass over which will condense to a deep red liquid, emitting a 
vapour of a deeper colour than ehlorina It is hypochlorous 
anhydride, mercuric oxychloride being also formed. 
(^01 
9HgO + 2CL - lo + OCl, 
(HgCi 

The liquid OClj is highly explosive, decomposii^ tj/ 
the heat o? the ktmd into chlorine and oxygen. 

Es^. 2. Diaeonnect the test-tube in the last experiment, bntlet 
it reiDMn in the ice. Add some water to it ; it will be convertsd 
into hypochlorons acid. 

OCl, ■^0H, = 2caHo 

The same i-eaction takes place when cshlorine is passed 
into water containing mercuric oxide in suspension, or 
when mercury is shaken up in a test-tube with the gas. 
iHgCl 
2HgO + OH, -1- 3CL = ^ + 201Ho 
(HgCl 
Hypochlorous acid is a powerful oxidising agent, giving 
off chlorine when exposed to the light. 
Expj 3. Add a few drops of HCl to the ClHo in last eiperiment j 
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chlorine will be evolved from tiotli compounds. It will bledoli, 
and not marely redden, a litmus paper. 

ClHo + HCl = OH, + CI, 
I£ argentic oxide be added, oxygen ia evolved from 
lioth compounds. 

OAg^ + 20HC1 = 2AgCl + OHj + 0, 
Metallicoxidesaadliydrateaare converted into salts called 
hypochlorites, adds terminating in cms formingsalts ending 
in He. The monad radical sodoxyl replacing hydroxyl. 
ONaH ■!- ClHo = CINao + OH^ 
It was supposed at one time that chlorides and Aj^po- 
chloritea were both formed when chlorine gas was rnade 
to act upon certain metallic osides and hydrates, as in 
the manufacture of hkacMng powder, or the so-called 
" chloride of lime," i.e., 

2CaHo, + 2C1, = CaCI, 4- CaClOj + 20Hj 

CaJdc liypochlorttc. 

But this so-called " chloride of lime " does not contain 

calcic chloride when properly made. Calcic chloride 

being deliquescent and soluble in alcohol, which is not 

found to be the case with good bleaching powder. 

The following appears to be the true reaction : — 

C], + Ca Hoj = Ca(OCl)a + OH, 

CbIcIc cliloro-hypodilorile. 

The graphic foiinida of bleaching powder, or calcic 
chloro-hypochloiite, is d-Ca-O - 01. The hypoohloritea 
readilygiveupoxygen to decaying animal and vegetablesnb- 
stancea and also to colouring matters containing hydi-ogen, 
and hence their use as disinfecting and bleacMng agents. 

Bleaching powder readily yields chlorine when acted 
upon by weak acids, even the carbonic acid gas in the 
air being sufficient to evolve it slowly from " chloride of 

Ca(OCl)Cl -(- SO,Ho, = SO.Cao" -(- OH^ -f Cl. 
Ca(OCl}Cl + 2HC1 =; CaCl, + OH, + CI, 
Ca(OCl)Cl + COi - COCao" -I- C], 
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76. Chloric Peroxide Cl-0-O-O-O-Cl -l 5 01 ci,o, 
(oci 

This is a gas at ordinaiy temperatures, but by alight 
pressure, Or by exposure to a cold of SC'C, it can be 
reduced to a red liquid, whicli explodes violently. Tiie 
gas is of a deep colour, and has an. irritating odour. It 
decomposes slightly above the ordinary temperature of 
the air, or on exposure to sunlight, and in contact with 
certain bodies. It is prepared from, potassic chlorate. 

JEiy. i. Fut a few crystals of chlorate of potaali into a test-tufae, 
add a few drops of sulptmio acid — chlorio peroxide, CIgO, will 
he evolved. Make a copper wire hot, and plnnge it in the gas, 
it explodes without danger. 

Sulphuric acid should be heated very cautiously with 
potassic chlorate, as the decomposition of the CljO, causes 
a series of explosions, mating a continuous cractling 
noise, frequently projecting ■Uio mateiials out of the 
tube. The only safe way to Leat it is in a hot-water 
bath. 

-Ecp. 6. FUl an ale^glass or tall jar with water, and put it 
upon a ph(,te. Drop a small chip of phosphorus into the glsBs, 
and cover it with crystals of potassic chlorate, four aome eul- 

fihurio acid on to the chlorate by means of a long thistle-headed 
unnel. The potassic chlorate will he deeorapoBed, and chloric 
peroxide given off, which decomposes immediately in contact with 
the phosphoms with a crackhns noiae, flashes of green light 
appearing under water, and a greeniah-eoloured gas, having a sweet 
odonr, being evolved and dissolving in the water. The deeompo- 
sition of the potassic chlorate gives potassic perchlorato, hydjio 
potassic sulphate, water, and eliloric peroxide ; 

mn ("*^ fo° 

3 OK +2S0alIoj= jo +2BO,IIoKo+0II,+ -( ^ 
' (OEo (oc, 

S'je also Hxp. 5, Chap. I. (trioUt fiante). Baric chlorate might 
be substituted with the production of a green jUvme. 

Exp. 6. Eub a crystal of potassic chlorate in a mortar with a 
hit of sulphur i combustion of the sulphur takes place, with explo- 
sion. Take care to operate only on a small qaantity. 

Lucifer matches are tipped with a mixture of potassic 
chlorate, phosphorus, and gnm, and the crackling noise 
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imido ■when they are lubted on tiie sand-paper is due to 
the cause stated above. 

77. Preparation of Potasaic Chlorate | q^^ 
This may be prepared by passing chlorine through a con- 
centrated hot solution of potassic hydrate. Potassic chlo- 
rate and potassic chloride are both formed, but the latter 
being much more soluble than the former, the cMorate 
cryatalliaea o\tt and the other ia left in solution. The 
chlorate should be dissolved and re-crystallised to purify it. 

301, + 6KHo = I 2^^^ + 5EC1 -j- SOU, 
On account, however, of the expense of potassic hydrate, 
milk of lime ia used instead, ■whereby calcic chlorate aad 
chloride are produced, potasaic chloride being afterwards 
added to the mixture ; double decomposition takes place, 
calcic chloride and potassic chlorate being formed. 

Hxp. 7. Pass chlorine to saturation (till tlie liqnid evolves tlie 
gKB) into milk of lime (CaHoj) kept boiling in a beaker. 
(-OCI 

eCaHoj + ecij = J Cno" + SCaCl, + eOTT, 



filter and add a solution ot potassic chloride to the mixture ; pot- 
assic chlorate and calcic chlorido will be formed. The calcic chlo- 
ride being very aolublo in water, the potasaic chlorate will separate 



Cao"-^SKa = OaClJ■ 



The acid, of which potassic chlorate is a salt, is 
Chloric acid, its formula being H— O— O— 0— CI 

The acid itself, ho^wever, ia unimportant. It may be 
prepared from baric chlorate by the action of sulphuric 
acid. The chlorates are all soluble, and cannot therefore 
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be precipitated from their Bolutiona. They give up their 
oxygen more readily t.l^ji.n the nitratea, ivhich are some- 
what Bimilar in their properties. 

If potasaic chlorate be heated till one-third of its oxy- 
gen ia given up, and the fused mass he allowed to cool, 
when disaolved in water a salt 'will crystallise oiifc irom 
the chloride, which contains one atom of oxygen more 
than the chlorate. It is potaasic perchlovate, and has 
the formula KClOj 

This occurred as a secondary product in mating chloric 
peroxide, and was mentioned also imder the head of 

fOCl ) 
oxygen. From this, perchlorio acid -JO > ia prepared 

(oHoJ 
by the action of suljihuric acid. It is a powerful osidis- 

CHAPTEE. XIV. 



78. This ia a triad element. It is never found in a free 
state in natura Its principal sources are — fineal, a crude 
kind of borax obtained from certain lakes in Thibet ; and 
boracic, or boric acid, obtained from the lagoons in the 
volcanic district of Tuscany. It haa also been found 
lately, in combination with soda, in the lakes of Cali- 
fornia and Utah — this being also ci-ude hoi-ax or sodie 
borate (B^OjNaOj). From, boras, the trihasic boric acid 
(BHOj) ia prepared by the action of hydrochloric or sul- 
phuric acids. 

Ei^. 1. Prepare a tot saturated solution of borax in a bsaltpr. 
Add strong IJCI till the solution reddens blue litmus paper. Crys- 
tals of boric, or boracio acid separate on cooHcg, sodic chloride 
being left in solution. 

B,O.Nao, -I- 2HC1 + 60H, = 4BHo, -1- 2ma. 
The cryatals should be washed with water and spread 



h. Google 



106 PKAOTICAL CHEMISTRY. 

on a filter paper,- They consibt of flat plates having a 
pearly lustre and greasy to the touch. They are soluble 
in hot water and alcohol Their solution in water im- 
parts a port-wine tint to Utm/us, BH03 is a weafe acid 
in the cold, and turns turmeria papor reddish brown, even 
when iree HCl is present. 

Ei^. 2. Dissolve some of the crystals in methylated spirit In- 
flame the atiirit — tie BHoj rolatillses and imparts an applo-green 
colonr to tlie flame. Boras may bo dissolved, tint rcqnircs the 
addition of HCl or SO,Ho, to liberate the acid. 

Boric ftcid will eipel 00, from the solution of a carbonate on 

Exp. 3. mate a saturated £oliition of carbonate of soda in a test- 
tube, and add some crystals of BHo^ obtainsd in last eiperiment. 
Fit a cork and tube, and a bit of flesible tube, to lead into another 
teat-tube containing Ume-inaUr. Heat to boiling ; carbonic acid 
gas will be evolved, and turn the Hme-water milky. 

SCOKaOj -f- 2BHa, = 2BN'ao, -(- 300^ -^ 30H, 

By heating crystals ot the tritasic boric acid to the boiling poiut, 
they lose water, btM, are converted into an acid having the compo- 
sition BOHo, called meiahoric acid. 

BHo, =BOHo-HOH, 

Exp. i. Heat some of the cry.stala to redness on charcoal before 
the bloTv-pipc flame, tliey become anhydrous, and partly volatilise 
if the heat bs continued. They are converted into boric anhydride 
0=B— 0-B-OorBjO,. If this boric anhydride he heated with 
sodium on charcoal before the blow-pipe, sodie oxide will he formed, 
and gritty, amorphou,?, brownish-black pieces of Boron will appear 
mixed in tbe mass. 

BjOj -I- 3Na, = SONa, + Bj 

The element exists in two allotropic states : — 

a. Amorphous, b. GrapHtoidal or diamond Iioron. 

It combines directly with nitrogen, which feiv elements 

do, fnT Tning boric nitride B"' N" . Also with chlorine, Sec. 

Eiep. 5. Fuse in a porcelain crucible a mixture of two parts by 
weight of ml-aiam<mias (ammonio chloride NH-Cl) and one ounce 
powdered ioraa. Abundance of white fiimes will be given off from 
HCl. A white mass will be left, oonsiEting fif NaCl and BN. 
Dissolve out the sodic chloride, and a white amorphons infusible. 

Jiowder will be left. For this, and other reactions, ace Dr Frank- 
a.nd'3 Lecture Notes. 

The most important compound of boron is borajc It 
is a borate of soda. Upon ignition, the crystals lose 
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■water and become anhyclroua (i-efined Irorax). It is 
largely wsed for glazing pottery, foiming a glass-like com- 
pound witli meteilio oxides. It is also used for soldering, 
on account of its property of dissolving the film of oxide, 
thus keeping the surfaces of the metala clean and enabling 
them to alloy with one another. The same property 
mates it of great use in Aru^ical ClienvkPry, the borax 
dissol'ving certain metallic oxides, which impart a parti- 
ciilar colour to the glassy mass. 

Exp. 6. Take a lit of platinnm wire aboat B inelies long, and 
turn It up at tlie end, fomiinf! a loop. Heat it to redness in 
the BuDsen flame, and then dip the loop into powdered borax. 
Heat the mass taken up before the blow-pipe, it swells up and 
fuses to a transparent head. Whilst hot, dip the bead into 
a solution of nitrate of cobaJt, and heat again strongly, the 
bead will he oolonred ilim. - •■ - 



nickel, and chronium, impart their own cliaiacteristic colours 
' ■> borai beads. The cIiToriiles are best for the purpose, oi 



CHATTER XV, 

Carbon C"''.abd its Compounds wrru Oxyges. 
78. Carbon is one of the tetrad elements. One of its 
compounds with hydrogen has been already alluded to, but 
such compounds, which are very numerous, form a separ- 
rate branch of the subject under the hefid of Organic 
Chemistry, sometimes called tlie chemistry of the carbon 
compound?. 

Carbon exists in three allotropic states : crystallised, and 
almost pure in the diamond, with a sp. gr. of 3 '3; in 
Jlal t€tbular plates, as ID graphite 01 hhick-lead, sp. gr. 2.15 j 
the black scales found in pig-iron consist of this variety 
of carbon ; and, amorphous, as in tiie different kinds of 
c/tareoal. Coal, coke, and lamp-black also contain hydro- 
gen, oxygen, and earthy matters. 

Wood charcoal is made by burning billets of ■wood 
made into heaps, covered with clay to prevent access of 
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ail- except in a few places. The inflammable gasoa bum 
away, and charcoal ia left. Or, it ia heated in iron 
cylinders, the gases and vapours evolved being made to 
paas through a pipe into receivera, where they are con- 
densed. 

-Ecp. 1. Light a splinter of wood, and plunge it into a test- 
tube. It will only burn with a flame at flio mouth of the tube. 
TliB part inside will glow, and at lost become a charred mass. 
The wood conaista prinoipfllly of C, H, and ; tlie two latter 
bom airay and leave the carbon. Brown tarry matters condense 
on the sides of the tube. If email pieces of wood are heated in a 
test-tub^ to which a glaisa delivery-tube is adapted, the gases and 
vapoura may bo condensed — among which may be recognised tar 
and pyroligneous acid, which will redden litmus. 

Wood may be heated in a Cornish crucible, loosely covered 
with a bit of earthenware, with the same result. Carbon is in- 
lusiblo. 

Animal and vegetable charcoal are very porous, and 
have the power of absorbing gases. 

Ea^. 2. Collect a jar of dry hydrochloric aeid gas over mercury, 
and plunge a piece of heated charcoal under tlio jar. The gas 
will be absorbed, and the mercury rise in the jar. See also Exps. 
i and 5, paj^ 81. Mercury only being used. 

Charcoal absorbs 90 times its volume of a 



HCI, 55 of sulphuretted hydrogen, nearly 10 ^f osygen, and 2 of 
hydrogen. 

It is on this account used as a disinfectant ; the best 
explanation of the process being, that oxygen is condensed 
in the pores of the charcoal, and the putrescent sub- 
stances become oxidised. 

Hixp. 3. Shake up a piece of tainted meat in a test-tube contain- 
ing water and some finely powdered charcoal, the smell will dis- 
appear. Stagnant water may be deodorised in. the same way. 

80, Animal charcoal has the power of absorbing colour- 
ing matters, and many bitter principles when in a finely 
divided state, in addition to its power of absorbing gaaes. 
On this account it is used for fiUers, and in the de- 
colourisation of sugar in sugar refining, 

Bgi. i. Get some dark brown sugar (foots) and mahe a strong 
solution of it. Put soma animal charcoal or bone-black iaiio a 
large boiling-tube, and poar the sobtion of sugar into it Shake 
it well and pour it upon a filter, a pale, straw-colom'cd li([uid will 
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Port wine acted on in the same maoner loses iU colour and also 
its aroma. 

81. Oxygen Compcmads of Caibon. When any tind 
of carbon is burnt in oxygen, carbonic anhydride, usually 
termed carbonic acid gas, ia produced. Thus, ■when a 
smdl splinter of diamond ia suspended on a bit of pla- 
tinum foil in ajar of oxygen, and an electric current, 
sufficiently powerful to Leat the foil — and hence the dia- 
mond — to redneaa, it glows and swella up like a mass of 
coke, carbtynic anhydride COj is produced, and a very 
small quantity of ask, or earthy matter, is left. 

A piece of graphite from a lead pencil heated to red- 
ness in a Buneen flame, and plunged into oxygen, also 
produeea COj. 

lime-water poured into the jars in either case is turned 
milky from the production of chalk or calcic carbonate. 
CaHoj -^ OOj - COCao" + OH, 

^icp. 6, Chap. XI., may be repeated hei-e. No 
change of volume tabes place when carbon ia burnt in 
oxygen. Carbonic anhydride ia prepared by the action 
of HCl, SOjHoj, or vinegjir upon a carbonate. HCl is 
the beat to use, as the chloride of calcium formed is more 
soluble than the sulphate, which is apt to form a coating 
over the substance, and prevent the further action of the 
acid. 

Exp. 1 . Put iuto four beakers eome old mortar, powdered oyster 
shells, limestone or chalk, and pounded coral. Four upon eaeli 
of them some HCl or dilute sulphuric acid. An invisible gas will 
come off, which will extinguish a lighted taper lowered iuto it. 
The oarbonie anhydride evolved is a non-supporter of combus- 

B^. 2. Break a piece of white marble—calcic carbonate in a 
crystallino state— into small pieces, and put it into thu hydrogen- 
generating bottle. Cover it with water, anil pout on it some 
HCl. A violent effervescence will take place, and CO, will bo 
evolved. It may be collected over water in the pneiuantie trough 
as usual, although tmtcr disaolv^ Us own volv/mt of the gas. 
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Tlie water is put iuto the generating bottle to dissolve the calcic 
chloride formed. Shells, chalk, and coral consist principally of 
calcic carhonate, and the action of acids upon them is the same as 
npon marble — but marble is preferable, as it does not froth up ao 

COCao" + 2HC1 - CaCl, + OH; + 00, 

Collect several jara or bolHJea of the gas in this way. 
It may also be collected by downwards displacement, aa 
in the case of cMorine. 

Sep. 3. Plunge a lighted taper into a jar of the gas, it will be 
eiLtinguished. 

Ei^. i. Fill a bottle with water, and theu half fill it witliCOi. 
CoTer it with tiie hand and shake it well. The hand will be 
pressed in, showing that the gas has been dissolYed. Open it in 
Ijough, water rushes in. Pour in some lime-water, it turns milky, 
Lut upon agitation it re-dissolves. Chalk or oaleio carbonate, 
thongh. insoluble in, water, is soluble in water uontaining carbonic 
acid gas. This enables our sea and river waters to horn chalk in 
Golnt^on. 

Ha^, E. Boil some of the water containing the dissolved chalk, 
it wiU he re-precipitated. 

Esep. e. Pour a solution of litmus into a jar of carbonic anhy- 
dride, itistnmed wine-red. Carbonic acid has never been isokted, 
bat the dry gas would not affect a dry litmus paper. 

82, Cai'bonic anhydride is a very teavy gas, its density 
compared with hydrogen being 22. A litre of the gas 
woiUd weigh -0896 x 22 or 1-9712 grams, lbs weight 
r 1-529. 

Exp. 7. Pill ft large bell-jar with CO, W downwards displace- 
ment, the heavy gas liiting out tlie air. . Cover with a glass plate 
all but the opening left for the delivery-tube. The gos may be 
tested from time to time by a lighted taper. When fniX tlie l^per 
will be extinguished at the opening as the jar will run over. 

Tie a string round a small beaker to act as a pail, and bale ou!t 
a be.iker of the gas, which pour onto a lighted taper. 

Exp. 8. Make some lather, and blow soap-bubbles, letting tliem 
fall into lie large hell-jar of CO^ They will float on account of 
the greater lightness of the cont^ned air. 

The atmosphere contains about 4 parts in 10,000 or 
■04 per cent, of carbonic acid gas. This is largely in- 
creased where great niimbers of i)erBons ai-e congregated 
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together, tihIcbs there be a good current of air. Even 2- 
per cent in the air produces discomfort, 5 pei' cent, or less 
faintness, and 10 percent, would bo absolutely fatel. Air 
that is exhaled from the lunga contains 5 per cent, move 
OOj than that which is inhaled. Thia is produced from 
the chemical iinion of waste matt&rs with the oxygen of 
the air. This is constantly being thrown off from, the 

&3). 9. Leave a, saucer containing lime-iiiater exposed to the 
air, a crust of carbonate of limo or clialk will be formed upon it. 

Ecjj. 10. Breathe through a glass tube into hme-»-at6r. It 
tnma milky from tlie CO, eontained in the breath. 

A few drops of HCl dissolves the calcio carbonate formed, 
Air drawn through lime-water into the lunga does not 
affect it, owing to the amaUnesa of the quantity of COj. 
If the air drawn in be sent into another veaael also con- 
taining lime-water, as in Ea^. 10, it turns milky. An 
ingenious bit of apparatus for showing this expei-iment 
19 shown in Fig. 37. It consists of two small flasks, each 
provided with corks 
fitt«d with two tubes. 
One tube In a passes 
into the lime-wat«r, the 
other just passes through 
the cork, and is connected 
with a flexible tube lead- 
ing to the moiith, pro- 
vided with a valve of 
oiled silk opening in- . 
wai-ds. The mouth-piece 
is also connected with the _ 

tube, having avalveopon- "S' 37. 

ing outwards, which entera the lime-water in 6, and when 
air is driven out of the lungs it tiima it milky. Several 
full inspirations and expirations being taken, the effect k 
very marked. 

Eep. 11. Bum a taper in a bottle till it goes out. Then pour 
in lime-water, it will turn mOky. CO; la produced in the burn- 
ing of onr lamps, gas, candles, and Gres. 
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It 13 also prcidKced in all cases of fermentation. 
Effervescent drinks are produced by the action of some 
acid on a carbonate. And in consequence of the solubility 
of the gaa, serated waters are made by foi^cing the gas 
into them by great pressiire. The gas, on account of its 
weight, eolleets in bi-ewers' vats. It is also found in old 
wells and caverns. A lighted candle should be lowered 
into such placoa before a man is allowed to descend, as 
fatal accidents may occur if this precaution be neglected. 

Limestone or chaJk, when heated to redness in a kiln, 
give off COj, and become calcic oxide or quick-lime. 

Magnesium wire ignited and plunged into a jar of COj 
decomposes it, and carbon is deposited. If dry COg be 
sent through a bulb-tube containing potassium heated to 
redness it is likewise decomposed. 

If, however, carbonic anhydride be passed through an 
iron tube containing charcoal, heated to redness in a 
fumaoe, it will be decomposed and take up another atom 
of carbon, forming a gas with one half the oxygen called 
carbonic oxide CO. Or, 

E)^. 12. FasB a stream of CO, over powdered charcoal contamod 
in a, baid glass taha about ten inches long, heated to redness by 
Herepath's bIow-pil)e. The carbonic oiide will bum at the end of- 
the tube with a beautiful blue Rame. 

C0j + C^2C0 

This gas is often seen biimiug at the top of a cleai- 
fire. Carbonic acid is produced by the burning coals at 
the bottom of the grate, and in passing through the red 
hot fire ia decomposed, and tak^ up another atom of 
carbon. The CO bums at the top of a clear Jira with a 
blue flame, forming COj. If oar fires could be fed fi-oni 
the bottom, and brilliant combustion produced, so that 
the carbon could be heated to redness, veiy little smoke 
or unburnt caa-bon would be produced. It is on this 
principle fm-naces are consti'ucted to consume their own 
smoke, great saving of the fuel being efiected. Be care- 
ful not to inhale carbonic oxide, as it acta as a direct 
poison. 
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Exp. 13. Hent some bits of clialk witli cliarcoii! in a test-tule 
of hard class by means of the Herepath. The uarlionate is de- 
composed ami Co produced. 

83. Carbonio oxide is usually prepared by decomposiiig 
oxalic acid by means of sulphxiric acid, which abstracts 
the elements of water from this componnd, COj and CO 
are both formed, 

Exp. 14, Pnt some oxalic acid into a flaslc, aud pour on. it 
some SOjHoj. Heat gently, aud convey the mixed gases throuoh 
lime-mater or solution of canstic soda in a Wonlff 's bottle. The 
CO, will form calcic or sodio carbonate, and tlie carbonic oxide 
may be collected over water aa usual. Collect two jars of the gas. 

£ep. 15. Inflame a jar of CO, and immerse a lighted taper in 
the gaa, it will be extinguished. 

jSp. 18. Pour some Bme-water into a jar of CO and agitata it, 
no uilkinesa Is produced. Inflame the cna and tben shake it 
again, the lime-water will turn milky. The CO combines with 
the oxygen of the air and forma CO., again. This lakes place at 
the top of the clear fire as mentioned above. When biuut it foima 
an equal volume of CO,. 

Carbonic oxide may be prepaid by adding sulphuric 
acid to ferro-cyanide of potassium (yellow prussiate of 
potash). Care must be taken, however, as ferro-cyanio 
or prussic acid may be produced at the same time. 

The sp. gr. of CO compared with H is — -^— = -- or 

14; and with air "9724. A litre of the gaa weigia 
1-254 grams. 

Qtl^Mon 1. How much CO, can be obtained from 100 grams 
of calcic carbonate by the action of HCl ? 
Ana. 44 grama or 22 '320 litres. 
2. What is the weight of 10 litres of carboinc acid gas compared 
with hydrogen aa unity t 
Ana. lB-7120 grammes. 



CHAPTER XVI. 



84. Nitrogen N^ is a pentad element. It fbrnrs f of 
the atmosphere, which is a mechanical mixture of this 
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gia with ox>gen and a httle caibonic and 'unl wateiy 
vapoui m varying proportions It may lii; obt<imed 
from tlie iir in Miioua Tiavs by withdrawing the 
oxygen 

Erp 1 GriJuate a ■JtijieredliiJljat dividing it into fi* e equal 
J irt oiia 1 J 1 istmg i slip of pa^wr down the tide Put a bit of 
pboE!pliora3 in a small evaporiLtilig 
diEli and float it upon water. Ignttu 
phoepliorns and eover it with the 
The phosphorus will burn at 
expense of the oxygen of the air 
c^ontained in the jar, fonmog V,0° 
When the contents of the jar ccol 
the water will rise and occupy one- 
fifth of Uie space. The remaining 
fonr-fiftbsof the jar contoinniiiogen. 
On plunging a lighted taper into 
the gas it will be eitinguishod. TSi- 
1 'S "^ trogen is a non-supporter of com- 

liustion. It baa no action upon test-pajiera, it is therefore rt 
neotoal body. It does not turn lime-water milky. 

Rep. 2. Repeat the last experiraont, and then restore the fiftli 
part with which the phosphoins eombined by sending oit;fgeii into 
the Jar. A candle will burn in tlis mixture as it does in air, so 
that air is not a chemical compound. 

Esp. 8. Shake up a measured quantity of ait in a t*st-tube with 
a solution of pi/rogallin acid in strong caustic potash. This 
abaorlra the oxygen. That which remains will be introgeii. 

The volumetric composition of air m^y be proved by 
exploding a measured volume with hydrogen in the 
eudiometer mentioned in Exp. 1, Chap. XIL, but such 
experiments are difficult for students. Nitrogen may 
also be obtained by passing air over red-Lot copper ; the 
metal unites witii the oxygen, leaving the nitrt^en. 
Nitrogen may be obtained Mim several of its com- 
jwunda. 

Exp. 4. Heat in a 2-oz, flask aome of the salt called a 
nitrite {formed by the action of nilrous acid upon ami 
shown here as the oxide of the body ammonium HH,). It splits 
np into nitrogen, which is evolred, and water. Tlie gas can be 
collected over water as usual. 

NO (im,0) = 20Hj -1- H"j 

* Keep the hand on the jar till the P. goes out, 
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&fp. 5. H«at in a small flask a mixture of ammonic cUoride 
and iodic or potassio Jiitrite. Hitrogen is ^ven off. 
NHiCl + NONno - HaCl + 20H, + N, 
86. Nitrogen CMi also be obtained by passing chlorine 
gaa through, an excess of strong solution of ammonia con- 
tained in a three-necked Woulffa bottle. The ammonisi 
mwi be in excess, or a terribly explosive compound called 
chloride of nitrogen NCi^ will be formed in brown drops 
by the combination of some of the chlorine with the 
nitrogen of the ammonia. The eafety-tube, which muat 
be a funnel in this case, must be constantly smelt to 
ascertain whether free ammonia be present. The re- 
actions are given below. 

/( ia not advisable /or a student to try the experim^U. 
8NH,Ho + SCL = 6NH,C1 + Hj + 80H, 
Dangerous. NH^Ho -f- 3C1, = HClj + OHj -1- SHQ 
86. Nitrogen does not combine readily with other ele- 
ments at ordinary temperatm-es. When a flash of light- 
ning passes through air, it caTises some of the oxygen and 
nitrogen to combine, and with moisture to form nitric 
acid. When electric sparks are passed through air, the 
same result m produced, as may be shown by the action 
on blue litmus paper, which will he reddened. 

The composition of the air is very constant, varying 
but little, whether taken from the m.ountain top, or at 
the sea level. The air of towna contains various im- 
purities, and all air conttins watery vapour, together 
with a small quantity of carbonic acid gaa which is being 
constantly e:dialed by animals, and absorbed by the 
leaves of plants. 

Fevcstdage composition of the atmosphere, 

Ej volnme. By weight. 

Nitrogen, . 791 76'9 

Oxygen, . . . 20-9 23-1 



We cannot do better than introduce at this stage a few 
remarks on the phenomena of combustion. 
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87. Combastion takes place when eftemAcal cKtion is suf- 
ficiently violent to heat bodies to rednesa. We usually 
call the body ao heated a cmniustible, and the gas or 
Tapour in wHch it bums, the supporter of combusHim. 

Hence wheft hydrogen, is burnt in air or oxygen, it is 
usual to say hydrogen is the combustible body and oxy- 
gen the auppoiter of combustion. In the same manner 
we say sulphur is combuatihle when burnt in oxygen. 
Biit, if sulphur be heated in a flask till it gives off vapour, 
copper leaf will bum in it, the sulphur being in this case 
the supporter of combustion, A jet of hydrogen will 
burui in chlorine, the latter being the siipporter of com- 
bustion, according to the ordinary phraseology, but it 
would not be difficult to show that chlorine will bum in 
hydrogen, when chlorine would appear to be the com- 
bustible body and hydrogen the supportei" of combus- 
tion. Combustion, however, is in fact nothing more than 
chemical combination at a. great heat 

Kcp. 6. Get an ordiuary gas cliimney ; 
fit a laigecork to the end, perforate! with 
two holeH for glass tubes, as in Fig. 39, 
wMch is a eimilar arrangement, only 
having a metal base. Fis it by a clip to 



tu'be a witli B cork, let gas in to the 
tottom of the cylinder by the tube b, 
and light it at the top of the wire gauze. 
Coal gas will of course fill the cylinder. 
Now pass a lighted match through a, 
and a shell of name appears at the top 
of the tnbe, the air appears to bum ik 
=.- theooalgas. Thehreathfrom the monlli 
may be snbstitnted for the air hyattacii- 
ingapieoeof flexible tube to a. Theair 
and gas bum really only where tliiy 
come in contact with one another. 
For bodies to bum, they must first be raised to a cer- 
tain temperature. This is called the i^iiting point. In 
some cases a moderate heat is sufficient to set up com- 
bustion ; the friction on the sand-paper being sufficient 
to inflame the phosphorus on the lucifer match. Some 
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bodies require intense teat to make them Wni, whilst 
zinc ethyl bums at the ordinary temperature of the air, 
and carbonic disulphide when a hot glass rod is brought 
near it. In the latter case, as in many others, the sub- 
etance gives off vapour, and it is this -which inflames. 

Eep. 7. Pour a little ether into an evaporating dish and bring 
a light near it. The ether gives off vapoat at the ordinary f«m. 
peratlire of the air, and this inflamea. 

Alcohol and paraffin must be warmed gently before sufficient 
vapour is produced to inflame. Some kinds of the latter, how- 
ever, give off vapour at a very low temperature, and are hence 
dangerous. 

The ordinary candle flame is produced by the burning 
wick converting the wax or tallow into vapour, and it is 
this which inflames. 

88. Flame is produced by burning gas or vapour, and 
the more intense the agitation the brighter is the flame. 
Hence the fiaine of coal gas, which conaiata of a mixture 
of gaaea and vapours, is greatly intensified by a jet of 
oxygen being introduced into it, the combustion being 
more vivid. 

The conical form of a flame is caused by ascending cui'- 
renta of air. The flame of a candle consiats of three concen- 
tric cones. The outer one, which is scarcely perceptible, 
is the avea of compute conUnistion, where the oxygen of the 
air cornea in contact with the burning gaaea and Tapours ; 
it ia sometimes called the oxndising fiwme. The next or 
middle shell is the o/rea of partial cotn^msHon sometimes 
called the deoxidiaing flame. The centre of the flame is 
hoUow, consisting of the unburaed gaaes. 

Jicp. 8. Fnt a piece of wood acroaa a catidle fiame, it will be 
olmrred on each side of & central part, which is not discoloured ; 
or, lower a card upon the ilome, a black ring will be produced. 

£Bp. S. Put some gunpowder on the wire gauze at the top of 
the cylinder in Exp. 6. Then light the gas. The gunpowder will 
not inflame till the gas is lowered considerably, ahowmg that the 
flame is hollow ; or allow gaa to pass through a bit of wne gauze, 
while a light is applied above, the flame does not pass through. 
The gauze cools the flame. Thia ia the principle of Davy's safety 
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The Bonaen ilame is not holJow, the air mixing with 
gas as it passes up the tube. 

The blow-pipe flame consists of two parts only, as air 
is blown into the middle, of the flame. The outer is 
called, the oxidigw^, and the inner the deoxidising flame, 
as above. 

Familiarity with the use of the blow-pipe may be ob- 
tained by trying the following experim.ents ; — 

E^. 10. Put some red lead in a little hollow, scooped itt a tit of 
charcoal. Heat etronsly just at the point of the irmer cone. The 
Pb,0, will be reduced, and a bead of metalljo lead will appear. 
Heat Uiia bead in the onter flame and a yeHowisli-red ineniMaiiBn, 
will appear on tha charcoal, the metal being oxidised again. 

.Ecp. 11. Heat some sulphate of zinc on charcoal, and a yellow 
incruBtation will appear, which becomes white when cold. It 
conEists of ZnO, 

Exp. 12. Mix some cnpric chloride with carbonate of eoda, and 
heatstronBlyin the inner flame; red soalea, oonsiating of the metal 
copper, will be obtained. The COKao, acts as a flui, and renders 
tha copper salt more ea^ fusible. 

Ei^. 13. Mis eoine oxide of tin with potassic cyanide, or a 
mixture of carbonate of soda and potassic cyanide (fusion mixture), 
and heat on charcoal in the inner blow-pipe flame. The SnO will 
be rednced, globules of metallic tin will db produced with a slight 
incrustation if bronght into oxidising flame. 



CHAPTER XVII. 

Oxides akd Oxt-Acibs of Fitboobn. 

89. NiTsOGEN forma five distinct compotmda with oxygen, 
and two of these are converted into acids by the addition 
of water ; or, the latter may be considered aa compounds 
of certain oxides with hydroxy!. 

The moat important compound of nitrogen is nitric 
acid. This is prepared from either of two of its com- 
pounds called potassic nitrate ^nitre or saltpetre), and 
Bodio nitrate, called also cubic mtre or ChiU saltpetre. 
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Potassic nitrate, NO^Ko — one of the ingredients in 
f^rapowder — is found as an effloi'escence on the soil in 
Inclia, ancl nitrate of soda NO^Nao, which canjiot be 
used for manufecture of gunpowder as it is deliqueacent, 
in a similar state in Chili and Peru. Either of these 
salts, heated with aulphuric aoid, are decompoaed, sul- 
phates of the metals being foiined, and nitric acid dis- 
tils over. 

Exp. ]. Heat some potasaio nitrate in a. small stoppwed I'etort 
(dark'a retort, mentioned in Cliap. IV., will do well for tlie pnr- 
IKise) with some strong snlpliuric add, keeping 
the receiver cool, as in Fig. 40. Ocange- 
colonred vaponrs will be produced at tke be- 
ginning, and iigain toirards tke close of tke 
experiment, arising from tke decomposition of 

' ffcnt- Fig. 40. 

ivith 



A blue litmna paper will be iiiatautlj reddeiifil. 

One of the two atoms of hydroxy! in SO^Hoj ia 
exchanged for potassoxyl, hydric potassic sulphate beuig 
left as a white mass in the retort, whilst iiiti-ic acid NO^Ho 
will distil over. 

NOjEo -f. SOjHo, ~ SOjHolio^ 4- HO,Ho 

In the mannfacture of nitric acid upon a large scale, 
the materials are put into iron cylinders lined with fire- 
clay which are heated in a furnace. On account of the 
great heat which can be obtained by thw method, one- 
half the sulphuric acid need only be used, the neutral 
sulphate SOjKoj being produced. The heat, however, 
destroys some of the nitnc acid. The acid is coloui-lesa 
when pure, but the commercial acid is yellow and con- 
tains iron and traces of sulphuric acid, 

Ea^. 2. Heat some colourlesa nitric acid in a teat-tube, orange- 
red fomes will be prodnceij ky the decomposition of the scid — 
oxygen being liberated, and peroxide of niteogen formed, 
4NOjHo = 2OH5 -I- 0, = 2N,0, 

90. Nitric acid is monobasic, and therefore forms but 
one class of salts, there being no acid Mitrates. 
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Nitrates are formed by the action of nitric a<;id upon 
metallic oxides and hydrates, and upon certain mefeJs, 
They are all solnble, and are all decompoaed by heat, 
the oxides of the metals being moatly formed. 

Nitric acid is used aa a solTcnt for many metals. It 
ia a powerful oxidLsing agent. Thus, tin acted on by 
conoenti-ated nitric acid withdraws -^ of the oxygen, with 
the production of nitric peroxide N^O,; silver, in cold 
dilute acid, abstracts |- of the oxygen, with evolutioii 
of a. red vapour of nitroua smliydride N3O3 ; copper or 
mercuri/ wiflidraws f of the oxygen, witli the produc- 
tion of nitric oxide N^O^ ; and zinc, under proper con- 
ditions, removes -J of the oxygen, with the production 
of nitrous oxide N^O. The body nitric anhydride NjO^, 
which added to water is transformed into nitric acid, is 
uaually obtained by passing dry chlorine over argentic 
nitrate. 

£kcp. S. Poiir some of the nitric acid obtained in S^, 1 upon 
some Dutch metal in 0. test-tube ; violent chemical action will Uke 
place, the metal dissolving. 

Eg), i. Pour some strong nitric acid upon gold Uafia a test- 
tube ; uo effect is produced. 

E}^. 5. Fonr some strong HCl on gold leaf ; no effect. 

Exp.fi. Add the two together ; the gold dissolyes, — the mixture 
of nitric and hydrochloric acids is called aqua-regia. The nitric 
acid oxidises the H of HCl, forming water ; whilst the nascent CI 
combines with the gold, forming auric chloride Au CI,. The libera- 
tion of the chlorine is shown by the following equation — 
2irO,Ho -1- 6HC1 = N5O. + 20H, -1- SCI, 

Exp. 7. Put some nitre in an old flask, heat it strongly ; it will 
melt. VThile in a fused state pour in some yowdered charcoal, 
and take the lamp away. A brilliant deflagration will take place, 
which will most likely break the flask. It is well, therefore, 
to put a basin of water under it, Nitre and charcoal form two of 
the ingredients in gunpowder, the former oxidises the latter, 
forming CO,. 

91. Nitrons Oxide N^O, or laughing-gas, is prepai-ed 
by heating ammonic nitrate in a amall retort. The aalt 
splits lip into water and nitrous oxide. The gas should 
be collected over hot water. Ammonic nitrate is foi-med 
by adding nitric acid to a solution of commercial 
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3 carbonate till the solution is neutral to teat- 
papers, evaporating the solution to dryness. The gaa 
should not lie inhaled, except under medical advice. 
NO,(KH^O) = B0H, + ON, 
Exp. 8. Heat some ammonio nitrate in llie small Clark's retort, 
Fig. 40, and collect two jara of tiie gas. The whole of the salt will 

Exp. 9. Insert a glowing splinter in the gas, it will be re- 
Itindled. A lishtcd taper will burn very brilliantly in the gas as 
in oiygen. The gas ia decomposed. 

&ep. 10. Jn.st ignite a bit of sulphur and plunge it in the gas, 
it will be extinguished. Thoroughly inflame the sulphur and. it 
Bill burn in the gas with a peculiar flame, the gaa being decom- 

N = O 
92. Nitric Oxide { ^7. or N„0. | 

(^■^ N = O 

This is a colourless gas. It ia prepared by the aetion 
of nitric acid upon copper, with the production of oupric 
nitrate, ■water, and NjOj as a gas. 

SCu + 8KO,Ho = 3 [ Ho''^"'*" + ^"^^^ + ^"'^^ 
Exp. II. Put into a wide-mouthed flask or Woulff'a bottle, fur- 
nished with a thistle-funnel and delivery-tabe, some copper clip- 
pings. Cover them with water, and pour strong nitric aj;id down 
the funnel. Eed fumes will soon fill the flask, caused by the 
miiture of the gas evolTed with the contained air. These soon 
disappear, and a colourless gas comes oyer, which is to be coUecteii 
oyer wafer in jars, it ia nitric oside. 

En^. 13. Moisten a roll of blue litmus paper with Bodic hydraf*, 
and plunge it into a jar of tlie gas. Red iumes rapidly form down 
the jar, reddening the litmus paper aboye but not below, till the 
red fumes fill the jar. 

The nitric oxide rapidly combines with the oxygen of 
the air to form nitric peroxide NjO^ and nitrona anhy- 
dride N3O3. The latter is converted into nitrous acid 
by the action of moisture. 

N,0, -1-0, - ■ F.O, 

or N^ttj + 0, = 2N,0, 

and BjOj -I- OH, = 2N0Ho 

Nitric oside ia a test for oxygon, ruddy fumes being 
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pi-oduced aa above when the Wo gases come together. 
This distmguishea oxygen from nitrous oxide, vrhich 
rekindles a glowing splinter, but does not produce red 
fiunea. Nitric oxide is completely dissolved by a, solution 
of ferrous sulphate, fonniug a reddish liquid. 

Exp. 13. PassbuTjbles of oxygen jotoajarof thegasEtaiiding 
over water in the pneumatic tcough. The deep red gas ;^voduced 
will be speedily dissolved by the water -which rises in the jar. 

J&y. 14. Pasa nitric oxide into a jar of oxygen, as in Exp. 11, 
Chap, XI., or into ajar of air. 

J&ip. 15. Plunge a burning taper into nitric oxide, it burns 
with a peculiar bright flame, A glowing eplinter will not, how- 
ever, be rekindled, the heat not being sufficient to decompose the 



the s 

.„p,„ __, ___. , I ---L '6 well 

s immersed in the gas, the heat will be suffisient t^: 

it, and then the oxygen liberated will make it burn brilliantly. 

93. HitronS aol^dride NgO^ ia obtained by boiling nitric 
acid with starch or arsenioua anhydride (white arsenic 
AsjOj), a deep^ed gas cornea off, which condenses to n 
blue liquid in a bulb kept in a, freezing mistnre. It is 
also produced when silver is acted on by cold dUtite 
nitric acid. 

Ae,0, + 2NO,Ho — A3jO,'+ OH, + IfjO, 

6NO,Ho + 2Ag, = iNOjAgo + 30Hj + H,0, 

Liquid NjOj with a small quantity of water produces 

nitrous acid NoHo, but mth a large quantity, N^Oj is 

evolved. 

OH, + N,0, = 2NOHo 
OH, + 3^,0, = 2N0H0 + 2NsO, 
91. HitroUB add KOHo pi-oduces salts called nitrites. 
These are frequently found in the well waters of towns, 
from the oxidation of ammonia, Sodic nitrite was 
mentioned as a source of nitrogen in Chap. XVI. It is 
obtained by fusing sodic nitrate in a porcelain crucible. 
The fused mass decomposes. On cooling and dissolving 
a portion, it should give an alkaline reactipn to test- 
paper. Nitrous acid sometimes acts as a reducing a^ent, 
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iibstructiug oxygen from unstable compounds containing 
it. At others acting as an oxidising agent. 

.EScp. 17. Addaeolntionof permansanate of potasli to tt solution 
of aodio nitrite, made slialitly acid by a few drops of HCl ; the 
colour will be discharged from loss of osjgen. 

Sodie nitrite added in the eanie manner to water, tinted with 
magenta, acts as an oxidisicg agent. 

93. Nitric peroside j -ktq^ or N^O^ has been already 
prepared by passing nitric oside into air and oxygen. 

Exp. 18. Shake up a t«st-tube of t}ie gas with a solution of 
hydroijl ; the Ted tumes disappear and an intensely acid liquid — 
nitric acid — is produced, 

j JJq' + Ho, = 2NO,Ho 



CHAPTER XVIII. 

Amwonia and Ammokic Salts. 

96, Amuonia is it gas having the composition NHj. 
There is, however, no known means of making the ele- 
ments composing it unite directly 'with each otter. It was 
formerly obtained by the destructive distillation of animal 
substances which are rich in hydrogen and nitrogen. It 
ia now obtained from the refuse gas liquors which float 
on the tar, in which it exists as amnionic carbonate. 
Hydrochloric acid is added to this, ammonic chloride ia 
formed, and carbonic aeid escapes. The ammonic chloride 
being obtained from the solution by evapoi-ation is purified 
by sublimation. From this ammonic chloride ammonia 
gas is obtained by heating with slaked lime. The gas 
is very soluble in water, and must therefore be collected 
over mercury or by displacement. 

2NH,C1 + CaHo, = CaCl, + 2Sm + 20H, 

iJcp. 1, Kub some ammonic chloride (aa! ammonfacj to a 

powder in a mortar. Then mix with it about the aaroe weight of 
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let tlie delivery-tube from the flask pi 
Bnpport«d in an inverted position ou the 
The gas, which is lighter than air, will r 
and push the air downwards. HoM 




Fig- 41. 



fl the ti 



tlie top of a bottle 

'ing stand. Heat gently. 

se to the top of the bottle 

c paper to the mouth 

of the bottle from time 

to time, itwill be turned 

brown when the bottle 

istuU. Immerseataper 

in the gas, it will be ex- 

tinguislied. 

Collect another jar of 
the gas, Bnd a narrow 
tube of etout glass, a-i 
usedin.E'ai?.4,Chap.X. 
JScf, 2. Bring the 
end of the stout glass 
tube balow the surface 
of the water. Remove 
the finger, and shake 
up tJie Email quantity 
of water which enters 
'h, the water will rusli up 
'78O times its volume of 



first. Introduce it again I 
with great violence. Water d 
the gas. 

Exp. 3. Prepare a jar of H.Cl{seeI!j^. 2, Chap. X.), and bring 
a jar of ammonia over it. E«move the glass plat«s. The two 
gases will combine together and form a solid white Ix '"" '" 

chloride SH.CL 

A glass Tod moistened with HOI held over the bottle of ai 
will produce white fumes of NH,C1. 

Exp. i. Heat the delivery-tube supplying the ammonia gas by 
the Bntisen flamp, tliB hot gas will inflame al the end of the tnlie 
when a light is applied. 

Tte solution of ammoniii is obtained by passing the 
gas through a aeries of Woulff'a bottles provided with 
aafety-tubos. It was formerly obtained by the diatilla- 
tion of stags' horns, hence the common name still j:etained 
of spirit of hartshoi-n. It is sometimea called the volatile 
alkali. The salts of ammonia are supposed to be built 
np like those of potassium and sodium, by supposing the 
existence of a monad radical having the composition 
NH, ,\a in NH,C1 given for ammonic chloride in the 
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equation at the commencement of this chapter, and in 
the chapter on, nitrogen. Thia is similar to KCl and 
NaCl, The oxide of this body, which has been called 
Ammoninm, would be (NHj),©, and its hydrate, like 
potaaL EHo, would be NH,Ho, "which would be the 
symbol for solution of ammonia or ammonic hydrate. 

The abbreviation Am is used for this radical NH, by 
Dr Frankland, hence the three bodies named above 
would be AmCl, Am^O, and AmHo. 

Exp. 6. Jlake some sodium amalgam, by gently heating a littlo 
mercury in an eva^oiatiDg diah, and carefwMy jmttiiig some bite of 
the metal sodium into it The sodium inflames as it amalgamates 
with the mercury. Make a sliong solution of ammonic chloride 
and pour upon it. The mass swells Up, and common salt NaCI 
ia formed in the solution, the hypothetical NH, amalgamates with 
the mercury. It apeedily decomposes, and nothing but mercury 
is left. 

l^e salts of ammonia or Ammoniimi are obtained by 

adding the acids to the hydrate ; it must be done care- 

fulty, particularly in thacase of sulphuric acid. 

AmHo + HCl = AraCl + OH, 

AmHo + NOjHo = NO,Amo + OH, 

AmHo + SO^Oj = SO,Amo, + 30H, 



CHAPTER XIX. 

Sulphur and SiTLPsniBS — SniPHuBEiTED Bydeoqes. 

97, Sulphur S"' is a hexad element. It is found mixed 
with eaithy matter in Sicily, and also crystallised in cavi- 
ties. It also exists in combination with metala as sul- 
phides (FeSj and CujS, etc), and with oxygen and metala 
as sulphates. The sulphur of commerce is obtained by 
distil ling (sublimation) the crude sulphur, the vapours 
being conveyed into a chamber of brickwork, on the 
walls of which they condense as " flowera of sulphur." If 
the walls be hot, the sulphur meltfi and trickles down 
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into wooden moulds in the floor, forming roll mdphv/r or 
bnmstone. When the sulphides of iron and coppei- 
(pyrites) ate roasted, the sulphur sublimes, and the 
oxygen of the air converts them into oxides and sul- 
phates. 

Exp. 1. Heat a bit of galena (lead ore PbS) oa charcoal befora 
the blowpipe, tte sulplmr sublimes and bnms with a blue fiame. 
If tlic bead of lead obtaioed be heated in the oxidisiug flnme, a 
yellow incrnatation will appear on the oharcoaL 

Exp. 2. Powder Eome iron pyrites (FeS,) and pnt it ia a hard 
glass tuho dosed at oae end— or a hard test-tube. Heat it over 
the Buoseu flanie, covering the open end with the thumb. The 
sulphide will ho decomposed, aud brownish drops of sulphur nili 
coudenso on the cool part of tie tube. 

SFeSj = FejS, + Sj 

Sulphur ia a brittle yellow solid, without taste or 
smelL It melts at llS'lj, forming a yellow liquid; at a 
higher temperature it becomes brown and viscid, becom- 
ing more liquid at 240°C, when it inflajues if exposed to 
the air. At 440° it boils, retaining its brown colour. 
At a temperature of 1 000°C tho vapour of sulphur occu- 
pies three times the volmne it does j ust above the boiling 
point; sulphur vapour at lOOO^C being thirty-two times 
the weight of an equal bulk of H. at the same tempera- 
ture. Hence its atomic weight. Sulphur is hence a 
hexad at the boiling point, but at 1000° a dyad. 

Sulphur is insoluble in water, but soluble in carbonic 
disulphide CS^, and also in turpentine. It is also soluble 
in potaasic and calcic hydrates, potasaic and cftlcic sul- 
phide being formed. HCl added to the latter precipitates 
the sulphur as a white powder — milk of sillphur. 

Exp. Z. Hold a bit of roll brimstone in the hand, it cracldea 
from the unerjual expansion of the interior and exterior. Hold it 
over the flame of a spirit-lamp, pieces fly off. , 

Exp. i. Heat some sulphur m a Florence flask, the changes 
mentioned in a previous paragraph ViiU be seen, vmioura being 
given off which condense in the neck of the flask. Whilat in the 
viscid condition, pour it out of the fiask into water round an in- 
verted fuuneL Translucent strings, inapiiwMc condition, may 
be taken out of the water and moulded like wai. 

Exp. 5. Meltabo\it a quarter ofapundofsttlphurin aComish 
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Cover it ivitli a Uit oC idle Ijefore it lias 



H pair of crucible tonga ; let it uool, und 'when a crust has formed 
over tlie Burfaoe, make a hole in it and poor out the liquid sul- 
phur. 

Beantiful primuido oryBtala will form in Gie interior. When 
liie crucible is quite cold, break it with a hammer and they will 
lie seen better 

Exp. 6. Dissolve some flowers of sulphur in carbonic dieulphide 
(CS^ ; or turpentine, if the latter unpleasant BQielling liquid is 
not at Land ; in either case keeping away from s, lignt. Pour 
the solution into an evaporating dish to evaporate slowly. Crystals 
of a totally different Ghape — ootahedrons — like double pyramids, 
will separate. 

As Bulptur crystalliaes in two different forms, it is 
said to be dvmorpk<yus. The crystela obtained from 
fusion, however, become opaque, and break up into 
ootaJiedrona in a few days. The plastic variety also 
returns to the ordinary yellow kind, but while in its 
jilastic brown state it is insoluble in CS^. In conse- 
quence of these differences, sulphur is said to exist in 
three allotropic states. 

Sulphur combines with the metals, forming sulphides, 
which are BLmitar in their composition to the oxides. 
The metals in the form of leaf or fine wire burn in sul- 
phur vapour. 

Sep. 7. Melt ft little more sulphur in the flask used in Exp. i, 
or in a lai^e test-tuije. Keep the vapours given oShot, by letting 
a flame impinge on the upper part of the flask or tube. Attach a 
bit of Dutch metal to a wire, and plunge it in the heated vapour ; 
it will take fire, cuprie sulphide CnS, being formed. Other metals 
in the state of leaf or foil may be Buhstitnted, or a bundle of fine 
iron or copper wire. 

.Ecp. 8. Shoot some iron filings vuto the flask of melted sulphur, 
ferrous sulghide FeS will be formed. This compound is used iu 
the making of siQphuretted hydrogen. It is made by putting 
lumps of iron iato a crucible containing melted sulphur, an atom 
of Fa only combining with one atom of sulphur; both act as 

98. Sulphuretted h^drogea SH^ (H - S - H.) 

Sulphur can be made to unite directly with hydrogen, 
but the compound SHg is usually obtained by the action 
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of HCi or SOjHoj upon ferrom sulphide FeS just men- 
tioned, or by the action of HCI on autimonious sulphide 
SbjS, at a gentle heat. 

FeS + 2HC1 - Feci, + SH, 
FeS + SOjHo, = SOjFeo" + SH, 

SbjS, + eHCi - asbcij + SSH, 

E'xp. S. Break some fetioua sulphide into small pieces, and put 
it into the hy3rogeii appnratua ; ur, if a stinlt-cloaot be at liand, 
keep a bottle for tlie purpose. Cover it with water, and pour 
in some HCI ; a gas EivinK an offeosiTe odour lika rotten ^gB 
eomea off. It ia rather soluble in cold water, and should therefore 
be collected in jara over -warm water. 

iSgj. 10, I^ave a little water in one of the Jars, and shake it 
up with tlifl gaa ; the hand will be sucked in, showing that the 
water has dissolved. 

Put a blue litmus paper in the solution, it will be reddened, 
showing the gas to have acid properties. It is sometimes called 
hydrosuphuiic acid. Keep the solution for future experiments. 

Ea^. 11. In^me a jar of the gas, and hold a di; glass over it ; 
water and sulphnrona anhydride will be produced. 

Or, burn a jet of the gas previously dried by passing it throngli 
a tube containing chloride of calcium. (See Exp. 9, Cfiap. VIII,) 

Exp. 12, Graduate the explosion tubs into five parts. Fill it 

with two parts sulphuretted hydrogen * and three oE oxygen. Bring 

the moutli of the tube to a name, the mixed gases will explode 

violently, water and sulphurous anhydride being produced. 

aSHj + 30, = 280; + 20H, 

Exp. 13. Prepare a cylinder of chlorine, and bring it over an 
eq^ual-sized cylinder of SH,. Eemove the glassplatea, and let the 
gases mix. The SH, will be decomposed by CI, which combines 
with tlia hydrogen to form HCI, sulphur being deposited round 
the sides of the jar. (The latter is easily cleansed with potash.) 
The experiment may be varied by adding chlorine water to a 
solution of SH,t. 

Exp. 14. Prepare a jar of sulphurous anhydride ["me nest chap- 
ter, Exp. 1), and bring it over a similar sized jar of SH,. Tlie 
gases will decompose each other, afl«r the following eq^uation — 
4SH, + 2S0, - 40H, + 33, 

Exp. 15, Pass SHj from the delivery-tube, to which a bit of 
flexible tube is attached through iolvMmi of the following salts — 

* The smell of sulphuretted hydrogen is readily destroyed by 
burning sulphur. 

t The generation of a lUtU chlorine speedily destroys the odour 
ofSH,iuatoom. 
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using a fresh bit of glass tulK at the extremity, in each case, and 
note the results, viz. : — 

Sulphale of copper, plumiii: acetate, arsenious anhydride, tartar 
emelic (tartrate of ai!iviit(/By ), 3tilphates ofeijte and ekromivm and 
ferric chloride. 

The solution of the gas wiU do instead of the gas 
itself. The solution, however, on exposure to the air, 
loses its smell, water being fonned by the oxidation of 
the hydi-ogcii, and sulphur being deposited. 

Sulphuretted, hydrogen is used in Analytical Ckemistr)/, 
to separate metals into groups by precipitation, mostly 
as sulphides. Tte sulphides which are insoluble in wat^ 
may be precipitated from their ordinary aqueous solu- 
tions ; those insoluble in acids form acid solutions also ; 
but those which are soluble in acids must first be made 
alkaline by the addition of ammonia. The sulphides of 
K, Na, Ba, Sr, Ca, and Mg, being soluble, cannot be pre- 
cipitated by sulphuretted hydrogen. 



CHAPTER XX. 



99, Theke are two compounds of sidjihur with oxygen, 
sulphuroM anhydride = S = O or SO^, and sulphuric 
anhydride = S = or SO^. 



These bodies added to water foiTti two very important 
compounds, sulphur^w and sulphuric acids. 

Sulphurous anhydride SOj has been already prepared 
by btuTOug sulphur in oxygen, and as a secondary 
product in many instances. It is a gaseoiis body. Its 
weight compai-ed with H. and air would bo found thus : 

— 5 — —-^ = di, its volume weight. 
And 32 -f 1447 = 3-31 times the weight of air. 
24 E I 
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It 13 usually prepared by heating copper or mercury 
with sulphuric acid, the acid being deoxidised, gaseous 
SOj beir^ evolved, water and sulphates of the metals 
being also formed, 

aSO.Ho, + Cu= BO,Cuo" + 20Hj + SOj 
Exp. 1. into a flask put some copper dippings and concentrated 
sulphuric acid. Meat fjently over a sand-bath, and a gas with tlie 
odonr of burning sulphur will be given off. It is very soluble in 
^yate^, and must therefore be collected over mercury or by down- 
ward displacement. A blue litmus will be reddened at the open- 
jog where the delivery-tube enters, as the gas has tteid properties. 
Collect several jars of the gas. 

Exp. 2. Immerse a taper in a jar of 
the gas, it will be extinguished, and the 
gss does not inflame. 

Exp. 3. If a jar of the ^ has been 
eollectcd over tnereary, let it stand up- 
right in the bath supported by a clip of 
the retort stand. Four some water, 
coloured with litmus, on the mercury, 
and then raise the jar out of the mercury 
into the water. The gas will dissolve 
veiy rapidly. Wafer dissolves about 40 
times its volume of the gas. 
A solution of the gas may be made by 
Fig. 4-2. passing the gas into cold water till no 

more is absorbed. 
Exp. i. Putamoistenedbunchof violetsinto a jar of SOp they 
will be bleached, bat the colour will be restored if they be dipped 
into a weak solution of acid. Straw plait, wool, and silk ate 
bleached hy exposing them to the vapours of burning sulphur, as 
chlorine would injure such fabrics. 

Infusion of rose leaves may be used, and the colour be restored 
by dilute sulphurie or hydrochloric acids. 

Exp. B. Pass a stream of SO; into a test-tuhe, snrronnded by a 
freezing mixture, —crushed ice, or snow, and salt. The gas will be 
condensed into a colourless liquid. 

The soiution of the gas in Exp. 3, produces sulphurous 
acid, SOHoj, and this, upon being cooled to the freezing 
point, deposits -white crystals. The gas whoE passed into 
solutions of metallic hydrates forms two classes of saUg, 
called mljthitea. Sulphurous acid has the same effect. 

N»Ho-l-SO, — SOnriVCo, or NaHo -HSOBo, = SOHoKd-i-OH, 
aud2NaHo-i-SO;=aOKop or2NaUo-HSOHo, = SOMao, + 2HO, 
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100. Sulphuric acid. This moat important acid may be 
prepared in the following ways. Its preparation on a 
large scale in leaden chambers may be passed over in an 
elementary treatise. 
_ Er-p. 8. Expose some of the solution of gO, i.e. SOHo, to the 
air ; it Y."ill otsorb oxygen, and be conTerted into sulpliuiio aeid. 
Thia may be tested by adding a Eolution of baric nitrate to a 
freshly made aolntion of 80, ; Tery little white pp. will be produced. 
Added, to tliat whieh has been eiposed to the air for several Uours, 
a, dense white pp. of baric sulphate wiU be obtained. 

JBg'. 7. Boil some flowers of sulphur witli nitric acid. The 
sulphur will be oxidised at the expense of the nitric acid, and 
sulphnric aeid will be obtained. When cold, the liquid will not 
dissolve copper, but when heated will be again deoxidised with 
evolution of SO,. 

Exp. 8. Heat li<}uid SOHo, with nitric acid, the same result. 

Sulphuric acid may be considered as made up of a 
body called sulpburic anhydride SOg and water, or of 
sulphurous anhydride SO3 and hydroxyl Hoj. 

S05 + OHj=BOjHo„ orSOj + Ho, — SOjHoj 

Sulphuric anhydride may be obtained by heating Nord- 
hauaen sulphuric add, and condensing the vapours in a 
flask surrounded by a freezing mixture ; or, by passing 
SO 2 and oxygen over ignited spongy polatinum as in the 
following : — 

J^. 9. Fit up a Ihree-neolted Woulfl's bottle, so that a stream 
of SOj shall pass in by one tube, osygen by a second, and let the 
third neck be connected with a bit of combastion tube containing 
a small quantity of spongy platimmn. The gases will only mix 
in the Woalff's bottle, but when the platinnni ia heated, the 
mixed gases which condense in it enter into combinatiou, aiid 
vapeurs of anlphnric anhydride will pass out. If sufficient quantity 
be obtained in white crystalline needles, they may be allowed to 

Ciss into a test-tuhe containing wafer, which they will do with a 
iasing noise, forming sulphoric acid. 

£ip. 10. Shake up a mixture of sulphurous acid (solution of 
SOj) with a solution of hydroxyl mentioned on page 100. Sulphuric 
acid will be obtained. Test as in .Ecp. 6. 

Exp. 11. Into a three-neoked Woulff'a bottle containing hot 
water, pass a stream of nitric oxide and oxysen gas, and as the red 
vapours appear, a stream of SO^ The KjO, will be converted 
into N,Oj, which will he again deoxidised by the SO,, ' " 

resulting c j — ^n i. ji — _. — j 1..J.1.. .1. 1 

lolution ol 



h. Google 



Sttlphuric add forms salts called sulptates, by the dis- 
placement of tlie whole or paxt of the hjdrosjl, by a 
■metaUie radieaL They are also formed by the action of 
the acid on metallic carbonates. The acid chara organic 
substances — abatnictLng the elements of water, and leav- 
ing the carbon, 

Exp. 1 2, Make a strong solution of loaf-sugar in a beaber, and 
pour concentrnted sulpliuric acid into it. A dense black mass 
will froth ap, and moat likely OTerfiow the vessel, whioh should 
be placed in a dish. 

If sulpliur he boOed. with a solution of sodic sulphite, 
a salt caUed sodic hyposulphite SSONao^ is formed. 
This ia supposed to contain hyposulphurous acid SSOHo^, 
■which decomposes on the addition of dilute sulphuric 

Exp. 13. Make a solution of sodic hyposulpliite (nseil by photo- 
graphers for dissolving the excess of silver salt), and add dilute 
stilphuric sold ; SOj will be evolved, which may be detected by ita 
odour, and yellow BulplioT will be deposited. 

Exp. \i. Add dilute sulphurie or hydrochloric acid to sodic 
sulphite, SOj will be evolved ; but no sulphur wiU be deposited. 



The student wUl now be able to imderstand the varioiis 
" Modes of chemical action." * A few examples will 
be given, and other similar cases should be sought out; 

Chemical change takes place — 

1. When elements or compounds combine directly ifith 
each other, 

S -I- 0, = SO, 
V.O. -1- 0, = N,0. 
ra, + HCl = HH,C1 

2. "When compounds are split up into their elements, 
or into leas complex compounds. 
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MODES OF CIIEJIICAL ACTIOS. II 

3. Wlieii orffi element or gi'oup of elements displa* 
iiuotlier element or group of elements. 

2HC1 + K,= 2KCI + H, 

SO^Cuo' + Fe = SOjFeo" + Cu 

PliA + Zn=ZnA + Pb 

i. When elements or groups of elements in one body 

are exchanged for other elements or groups of (" 

in another body. 

OuClj + SII, = CnS + 2HC1 
OnClj + 2AmHo =i CuHo, + 2AniCl 
^^'Bao" + SOjHo, = aOiBao" + 2NO,Ho 
COUao" + 2Ha = CaCl, + OF, + CO 
5. When the elements of a compound are re-a: 
as in the convereion of sterch into sugai. Si 
instances occur in Organic Chemistry. 
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iUESTIONS 



1. The following metals are heated in the Bnnsen flame : — 
Magnesmm, plalinvm, m'jic, sodium, copper; what ia the effect 
upon each, and what prodncts would be formed ? 

2. When sodium is thrown into water, what takes place ? 

3. Describe on e^cperimeut to show tiie diiCerence between a 
meclutnicfd mixiare and a chemical eompoutid. 

4 What is the effect of heat upon mangaitic onid', polaasjr 
ehtorate, amnionic chloride, ammonic mlrate, phosphorus, and 



Expreas the reactions in equations, and draw graphic formulaj of 
the products formed. 

6. You have given to you zinc, sulphuric acid, caustic, potash, 
and water, and are required to prepare hydrogen from these 
materials by two distinct processes ; state how you would pro- 
ceed, and show by an equation the cheniical changes in each 
case. (Exam. 1S69). 

7- I have two cylindrical jars of hydrogen ; I hold one of them 
mouth upwards, and the other mouth downwards. At the ex- 
piration of half a minute I plunge a Ughted taper into each jar ; 
describe exactly what you woiud expect to t^e place in each 
case. (Exam. 1872). 

8. Ton have given to you some potassic chlorate (chlorate of 
potash) and bku£ oxide of manganese, and are required to make 
and collect oxygen from these materials. Describe minutely how 
you would do it, and make a sketeh of the apparatus which you 
would employ. What are the chief properties of oxygen ? 

(Question set, 1872, for those who wished to show a good know- 
ledge of laboratory practice. ) 

9. What compounds can be formed from the following ele- 
ments ; — Oxygen, hydrogen, chlorine ? and how ? 

10. What flementa can be obtained from hydrochloric aciil, 
ammonia, and water ! Say how you would obtain them in each 

11. When hydrogen is burnt in chlorine, what is produced! 
Suppose it were burnt in air what product is formed • 

1*2. I mix together chlorine and hydrogen, and expose the mix- 
ture to sunlight ; what happens ! At the termiuation of the 
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136 QUEBTioNa. 

experiment I add ammonia to the product. What is tho name 
and formula of the compound formea ? (Exam. 1871). 

!3. If you had ^veu to you some common salt and sulphurio 
acid, and were required to fill a glass jar with HCl, describe liow 
yoo would do it, and give a sketch of the apparatus you would 
employ. (Eitam. 1872). 

14. What is the action of snlphurio acid upon copper, sodk 
chloride, and manganic oxide respeotivelj when assisted by heat ! 
If the two latter are acted upon together what then takes 

15. If a mixture of mauganic oxide (peroxide of manganese) 
and hydrochloric acid be heated, what chemical change takes 
place? Give the name and properties of the gas which is evolved. 
(Exam. 1S69). 

1 6. An electric spark is passed throngh a mixture containing 
120™ of hydn^en and 60™ of oxygen. How would you arrange 
the experiment so as to show the gaseous condensation ! 

17. What is the action of the electric current upon water, 
solutions of HC! and NHj 1 State minutely how you woidd per- 
form the experiments to show the results. 

18. How would you prepare a solution of hydrochloric acid! 

19. How would you prove the eolulnlity of hydrochloric acid, 
ammonia, and carbonic anhydride gases! 

20. If 1 a^tato with pure water a mixture of hydrogen, nitro- 
gen, carbomc anhydride, and hydrochloric acid gases, what effect 
will be produced! (Exam. 1872). 

21. Steam and chlorine are passed through a porcelain tuhe, 
heated to redness in a furnace, what takes place! Give equa- 
tions to show the reaction. 

22. Yon are required to make oxygen from chlorine and water. 
Describe exactly how you will do it, and give a sketch of the 
apparatus which you propose to employ. (Exam. 1871). 

23. How is potassio chlorate usually prepared? Explain fully 
the various steps in the process. 

24. A piece of borax, a bit of chalk, and some nitre, are respec- 
tively heated upon charcoal before the blowpipe flame; what 
takes place in each case! 

25. You have some mercury, a glass flask, and a piece ct hard 
glass tube, and are required to make pure oxygen gas, how will 
you do it! (Exam. 1869). 

26. A stream of COj is passed into the foUornDg:— Distilled 
tcaler, Ume water, ammonia solution, and haricperaade suspended 
in water ; what takes place in each easel 

27. How would you prepare boric acid from borax ? What is 
the action of boric acid (BHo,) on sodio carbonate! 

28. When nitric acid is poured npon copper, how does the 
action differ from a simple solution! 
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QUESTIONS. 137 

29. You have some ammonio carbonate (carbonate of aniiaonia) 
and nitric acid, and are required to make and collect laughing 
gas from these materials ; how would you do it "> Describe 
minutely the appatat la yoa would emj loy and make a sketch of 
it. What are the ch cf proper! es of laughii t gas? 

(Qnestion set, IS 1 to show good tnowledge of laborato y 
practice. ) 

30. You have given to ■yon Eome Eulpb r water and nitnc 
acid; deacnbe how y u no 11 make sulphur a d fr m thcte 
materials, (Exam IS 1) 

31. State exactly how jou woJd prepare n trogen n tr o 
oxide, and ammon a. (jveeiuatons (Exam 166J) 

32. How 13 carbomo oxi le naually prepared ? ( ve a sketch 
of the apparatus j o would employ ind the rea t ona m th 
process. 

33. When carbon c ox de bums n a r what prodact 18 formed 
How would you teat the properties of the gas and product? 

34. When sulphuretted hydrogen is burnt in air, what pro- 
duota are formed? How would you prove Uieir formation! 

35. What is the action of dilute sulphuric acid upon soilio 
sulphite, and aleo upon sodic hyposulphite! 

36. Describe some experiments to show " the modes of chemical 
action." 
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